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DERIVATIONS AND CENTRAL EXTENSIONS OF SYMMETRIC
MODULAR LIE ALGEBRAS AND SUPERALGEBRAS
SOFIANE BOUARROUDJA, PAVEL GROZMANB, ALEXEI LEBEDEVB, DIMITRY LEITESC
Abstract. Over algebraically closed fields of positive characteristic, for simple Lie (su-
per)algebras, and certain Lie (super)algebras close to simple ones, with symmetric root
systems (such that for each root, there is minus it of the same multiplicity) and of ranks
most needed in an approach to the classification of simple vectorial Lie superalgebras, we
list the outer derivations and nontrivial central extensions. When the answer is clear for the
infinite series, it is given for any rank.
We also list the outer derivations and nontrivial central extensions of one series of non-
symmetric, namely, periplectic Lie superalgebras (of any rank) preserving the nondegenerate
supersymmetric odd bilinear forms, and of the Lie algebras obtained from periplectic Lie
superalgebras by desuperization when the characteristic of the ground field is equal to 2.
We also list the outer derivations and nontrivial central extensions of an analog of the
rank 2 exceptional Lie algebra discovered by Shen Guangyu.
Several results are counterintuitive.
1. Introduction
Together with [BGL2], this paper is a sequel to [BGL1]. Hereafter, K is an algebraically
closed field of characteristic p > 0 and g is a finite dimensional Lie (super)algebra. For
notions and notation related to Cartan matrix, see [BGL1], for orthogonal Lie (super)algebras
without Cartan matrix, and their periplectic analogs preserving nondegenerate odd bilinear
form, for p = 2, see [LeP]. In the literature it is customary to call Lie (super)algebras over
K modular ; we find this word overused but apply it for brevity.
There are the two major types of Lie (super)algebras: “symmetric” ones, which with every
root α contain a root−α of the same multiplicity as that of α; the Lie (super)algebras without
this property are said to be “nonsymmetric”. In this paper we consider symmetric simple
Lie (super)algebras (and briefly review the situation related with nonsymmetric simple Lie
(super)algebras). This paper is a step towards the following goal and its superization.
1.1. Goal: classify simple modular Lie algebras.
1.1.1. Arbitrary p, but only algebras with indecomposable Cartan matrix, or
simple subquotient thereof. Weisfeiler and Kac [WK] offered a classification of finite
dimensional Lie algebras g(A) with indecomposable Cartan matrix A for any p > 0. For a
verification of the classification contained in [WK], various related notions, and superization,
see [BGL1].
1.1.2. All algebras, but p ≥ 5. The Kostrikin-Shafarevich method conjecturally pro-
duced all simple finite dimensional modular Lie algebras over algebraically closed fields of
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characteristic p > 7. The conjecture turned out to be correct for p ≥ 7. It involved the de-
forms (results of deformations, same as transforms are results of transformations) of simple
Z-graded Lie algebras.
In [KD], it was suggested to improve the KSh-procedure by a carefully study of deforms
of certain “standard” examples having added to simple “standard” objects one nontrivial
central extension. The improvement works for p ≥ 5, see [S, BGP, KD]. We conjecture
that having widened the stock of “standard” examples by exhibits found after [KD]1 was
published one gets classification for all p > 0.
1.1.3. A conjectural method for producing all simple Lie algebras for p ≥ 3. We
are sure the KSh-procedure works for any p provided the stock of “standard” examples is
widened by examples not known at the time [KD] was written. Besides, the KSh-procedure
should be modified as suggested in [Ltow]: with the emphasis on Lie algebras with Cartan
matrix and (generalized, perhaps partial) Cartan prolongation, see [Shch]. These modifica-
tions of the KSh-procedure reduce the stock of “standard” examples to Lie algebras with
indecomposable Cartan matrices. In the improved version of the KSh-procedure, we should
(1)
(a) take the nonpositive part of Lie algebras with Cartan matrix over K, construct
its generalized Cartan prolong (complete and partial), and proceed inductively,
as described in [Ltow];
(b) deform the simple Lie algebras obtained at step (a), and their nontrivial
central extensions;
(c) select nonisomorphic examples among the above.
For p > 3, one thus gets all simple examples; we conjecture that this is so for p = 3 as
well taking into account the examples described in [GL4], and deforms of “symmetric” Lie
algebras computed in [BGL2] together with deforms of “nonsymmetric” ones to be computed.
1.2. Phenomena indigenous to p = 2. In [BLLSq], we suggested several versions of
restrictedness for p = 2 initiated in [LeD, BGL1] and reduced classification of simple Lie
superalgebras to that of simple Lie algebras.
The stock of algebras for the input for the Cartan prolongation is wider than for p ≥ 3.
The process is inductive, see [Ltow]. In [SkT1], Skryabin showed that certain semisimple Lie
algebras also have to be added to the list of “standard” examples, see also [GZ].
There are more types of symmetric simple Lie (super)algebras: the “nonalternate” orthog-
onal ones, see [LeP], and queerification of symmetric Lie algebras, see [BLLSq]. For details
and examples, see [BGLLS, BGLLS1].
1.3. Outer derivations and central extensions of simple Lie (super)algebras. One
of the powerful methods of classification of simple Lie (super)algebras, that of Cartan prolon-
gation, requires for the input certain “relatives” of simple Lie (super)algebra — derivations
and central extensions of simple Lie (super)algebras, see [LSh]; the classification of
the latter is of interest per se.
At first, Shafarevich and Kostrikin considered in their conjecture only restricted Lie alge-
bras. Recently, on a different occasion, Deligne gave us an advice to look, if p > 0, at the
groups (geometry) rather than Lie algebras, see Deligne’s Appendix in [LL]. Deligne’s advice
is to restrict the classification problem of simple Lie (super)algebras, and modules over them,
to restricted ones, since only restricted Lie algebras correspond to geometry. However, we
have to consider nonrestricted Lie (super)algebras during this study, see [BLLSq].
1The proof in [KD] is absolutely correct, but its English is a bit broken and the Poisson Lie algebra is
called Hamiltonian. However, the result was checked for the case of smallest dimension, see [MeZu].
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The lack of outer derivations is a sufficient condition for the algebra to be restricted. The
complete inventory of central extensions is of interest per se, but becomes indispensable
in classification of simple Lie (super)algebras, see [LSh]. To classify simple vectorial Lie
(super)algebras a` la [LSh] is another possible use of the results of this paper.
In this subsection, charK = 0. For the Lie (super)algebras with an even (super)symmetric
invariant nondegenerate bilinear form b, the problems of describing outer derivations and
nontrivial central extensions are almost equivalent. Indeed, the outer derivations are de-
scribed by cocycles representing the classes of H1(g; g) whereas the nontrivial central exten-
sions are defined by cocycles representing the classes of H2(g), i.e., with trivial coefficients.
In presence of such a form b, we have g ≃ g∗, and hence H1(g; g) ≃ H1(g; g∗).
For any cocycle f representing a class [f ] ∈ H1(g; g∗), any cocycle ω representing a class
[ω] ∈ H2(g), and any X, Y ∈ g, there are maps
(2)
i : H1(g; g∗) −→ H2(g), i(f)(X, Y ) = f(X)(Y ),
j : H2(g) −→ H1(g; g∗) j(ω) : X 7−→ j(ω)(X), where (j(ω)(X))(Y ) = ω(X, Y ).
The relation between these cohomology spaces is given by the following exact sequence
(3) 0 −→ H2(g)
j
−→ H1(g; g∗)
v
−→ (S2(g))g
K
−→ H3(g) −→ H2(g; g∗) −→ H1(g;S2(g)),
where (S2(g))g denotes the space of g-invariant (super)symmetric bilinear forms on g, and
the maps v and K are defined as follows:
v(d)(X, Y ) = d(X)(Y ) + (−1)p(X)p(X)d(Y )(X) for any X, Y ∈ g and d ∈ Z1(g; g∗),
K(b)(X, Y, Z) = b([X, Y ], Z) for any X, Y, Z ∈ g and b ∈ (S2(g))g.
The beginning of the exact sequence (3) was discovered by Koszul, who introduced the map
K; the exact sequence was further extended to the right, see [NW, DzZ]. The fact that the
map j is inclusion is proved in [Dz5]; the exactness of the sequence (3) is proved in [NW],
Proposition 7.2. For the case where all g-invariant (super)symmetric bilinear forms (S2(g))g
are even, the arguments of [NW] are literally applicable to Lie superalgebras.
It is clear that if (S2(g))g = 0, there is an isomorphism H2(g) ≃ H1(g; g∗); this is wonder-
ful, except that we are interested in H1(g; g), instead. And so,
if (S2(g))g
0¯
= 0, we have to compute both H1(g; g) and H2(g);
if (S2(g))g
0¯
6= 0 and H1(g; g) 6= 0, we have to compute H2(g) separately.
1.3.1. What can be said a priori. a) Exactness of the sequence (3) implies that if there
is a nondegenerate even invariant (super)symmetric bilinear form b on g (e.g., g has an
invertible Cartan matrix) and H1(g; g) = 0, then H2(g) = 0.
b) Let g = g(A) be a Lie (super)algebra with a noninvertible Cartan matrix. Then g has a
central element C and a grading element D, both lying in the maximal torus h and D 6∈ g(1).
Assume, for simplicity, that rk(A) = size(A)− 1, so g = g(1) ⋉K ·D is a semidirect sum.
1.3.1a. Statement. The operator M on g corresponding to the cochain C ⊗ d(D), where
d is the codifferential, i.e., such that
(4) MD = C and M(g(1)) = 0,
is an outer derivation of g.
Proof. To show that M is a derivation, we need to show that
M [x, y] = [Mx, y] + [x,My] for any x, y ∈ g.
Indeed, the left-hand side is 0 thanks to (4), and the right-hand side is 0 due to the fact that
ImM ⊂ c, where c is the center of g.
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There is no x ∈ g such that M = adx. Indeed, otherwise [x,D] = C, but D ∈ h, so
[D, h] = 0 and [D, g±] ⊂ g±. Thus, C 6∈ [D, g] since C ∈ h. 
If size(A)− rk(A) = k, then there are k linearly independent central elements C1, . . . , Ck,
and k grading elements D1, . . . , Dk. Similarly to the above, there are k
2 linearly independent
outer derivations of g, i.e., operators Mij corresponding to the cochains Ci ⊗ d(Dj).
1.4. Super goal: classify simple modular Lie superalgebras.
1.4.1. Lie superalgebras with indecomposable Cartan matrices, their simple sub-
quotients. These are classified in [BGL1].
The deforms of the symmetric Lie (super)algebras are completely described in [BGL2],
where, apart from simple Lie (super)algebras with indecomposable Cartan matrices and
their simple relatives, there are considered other types of algebras but only of small ranks.
Except simple Lie superalgebras of the form g(A) or simple subquotients of g(A), all other
types of simple Lie superalgebras are not classified yet. For p > 2, we have only conjectural
methods for producing all of them, see [Ltow].
For p = 2, we offered the two methods that produce all simple Lie superalgebras out of
simple Lie algebras, see [BLLSq].
1.4.2. Simple vectorial Lie superalgebras. For p ≥ 5, one can, conjecturally but un-
doubtedly, consider the direct modular versions2 of the simple vectorial Lie superalgebras
2There were published several papers claiming to discover new simple Lie superalgebras for p > 3 and
studying in some cases certain of their properties (the nonexistence of a nondegenerate supersymmetric
invariant bilinear form in the adjoint representation and invariance of a filtration). These authors managed
to publish descriptions of two of the three known series of simple Lie superalgebras twice and thrice that
of one more series with insignificant modifications:
Zhang Y.Z., Zhang Q.C., Finite-dimensional modular Lie superalgebra Ω. J. Algebra, 321 (2009) 3601–
3619;
Xu X.N., Zhang Y.Z., Chen L.Y., The finite-dimensional modular Lie superalgebra Γ. Algebra Colloquium
17:3 (2010) 525–540;
Xu X.N., Chen L.Y., Zhang Y.Z., On the modular Lie superalgebra Ω. J. Pure Appl. Algebra, 215 (2011)
1093–1101;
Xu X.N., Chen L.Y., Some properties of the family Γ of modular Lie superalgebra. Czechoslovak Math.
J. 63(138) (2013), no. 4, 1087–1112.
Ma L.L., Chen L.Y., , Zhang Y.Z., Finite-dimensional simple modular Lie superalgebraM, Front. Math.
China, 8 (2013) 411–441;
Ma L.L., Chen L.Y., The classification of modular Lie superalgebras of type M, Open Math., 13 (2015)
251–264.
Ma L.L., Chen L.Y., Derivations of the even part of finite-dimensional simple modular Lie superalgebra
M, Chin. Ann. Math., 2015, 36B (2015) 279–292
For certain values of parameters several of these superalgebras turn into known simple Lie algebras, and
because simple Lie algebras are classified for p > 3, these Lie superalgebras are their well-known direct super-
ization described (in the papers listed above in a very clumsy and unnatural way) in Z-gradings associated
with nonstandard Weisfeiler filtration, see [LSh, BGLLS]. (For an overview of the classification results
of 30-odd years of work of several teams of researchers, but mainly due to Premet and Strade, see [BGP, S].
If these “new” simple Lie (super)algebras were indeed new, this would imply, for some values of parameter,
that Premet and Strade missed some examples. How the referees of these texts, and those who submitted
them, missed such an interesting claim?!)
The other Lie superalgebras, that do not turn into Lie algebras for any values of parameters, were,
nevertheless, known; in the above-listed papers they are (also very clumsily) given in a nonstandardWeisfeiler
grading. The adjoint representation was also an ill-chosen place for the search of an analog of the Killing
form: for modular Lie algebras (and Lie superalgebras for any p), the analog of the Killing form should be
sought in projective representations not necessarily associated with the adjoint one, see [Kapp].
The invariance of Weisfeiler filtrations is also a well-known fact.
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over C, see [LSh], and their filtered deforms analogous to the Lie algebra case, see, e.g., [Kos].
For the input take nonpositive parts of Lie superalgebras of the form g(A), or g(i)(A)/c, see
[BGL1, BGLL]; or pairs (g−, g0) producing simple exceptional vectorial Lie superalgebras,
cf. [LSh]. For p < 5, many more new examples should be added to these inputs.
For p = 3, see [BL, BGL3]; two super analogs of Melikyan examples appear; unlike the Me-
likyan algebras, both these super analogs seem to qualify as “standard” examples, hopefully
exhausting them, together with the modular versions of simple vectorial Lie superalgebras
over C, see [LSh].
For “standard” examples for p = 2, see [GL4, LeP, BLLS, BGLLS, ILL, BLLSq].
1.5. An overview of known cases where the derivations and central extensions
are described. The derivations and central extensions are computed at the moment only
for certain of Z-graded simple Lie (super)algebras.
The “symmetric” cases. For p > 2, the spaces of outer derivations of Lie algebras with
indecomposable Cartan matrix and their simple relatives of the form g(i)(A)/c are computed
in [Ib]; they are at most 1-dimensional, except for psl(3) for p = 3.
For charK = 2, the dimensions of the spaces of outer derivations of “symmetric” simple
Lie algebras with Cartan matrix and simple relatives of the form g(i)(A)/c of Lie algebras
with indecomposable Cartan matrix are described in [Per]. In [Per], there are also described
dimensions of the spaces of outer derivations of the Lie algebras gK := gZ ⊗Z K obtained
from the integer form gZ spanned by the Chevalley basis of the simple complex Lie algebra g
and their quotients modulo center, gK/c. Observe that series B and C and the exception F4
yield nonsimple Lie algebras3 of the form gK/c, while the exceptional Lie algebra G2 turns
under the passage to the Lie algebra of the form gK/c into psl(4) if p = 2.
The “nonsymmetric” cases. The derivations and nontrivial central extensions of simple
Z-graded vectorial Lie algebras are described in [Tse, Sk, ChSh, Dz4, Dz5, Dz6, Ch, Dz7,
Dz8, DzU], mainly for p > 5; for the automorphisms and derivations of one exceptional
family for p = 3, see [Mu].
The derivations and (sometimes) nontrivial central extensions of simple Z-graded vectorial
Lie superalgebras are described in [MaZh, ZhZh, WaZh, LiZh, LiZhWa] for the series vect
a.k.a. W , svect a.k.a. S, k a.k.a. K, and h a.k.a. H , and le a.k.a. HO. These results
are more or less literal reproduction of the results of Tselousov, Skryabin, Dzhumadildaev,
and Chiu for these or similar series of simple Lie algebras in the simplest cases p > 2 or
even p > 3. Thus, the results are obtained for 5 series of the total consisting of 13 serial
and 5 exceptional families of known simple vectorial Lie superalgebras for p > 5 and one
exceptional (of at least 5 known) families of simple Lie (super)algebras for p = 3.
There were also published papers with description of derivations of the even part of a Lie
superalgebra; no reason to solve this problem was given; to us this problem looks meaningless
(for example, nobody ever considered the particular case of any Z/2-graded Lie algebra: what
for?)4.
3It is unclear when such algebras and their outer derivations might be of interest; however, cf. sec. 2.3.1b.
4Here is a (probably, incomplete) list of these papers:
Liu W.-D., Guan B.-L., Derivations from the even parts into the odd parts for Lie superalgebras W and
S. J. Lie Theory, 17 (2007), 449–468;
Liu W.-D., Zhang W.-Z., Derivations for the even parts of modular Lie superalgebras W and S of Cartan
type. Int. J. Algebra Computation, 714 (2007), 661–714;
Liu W.-D., Hua X.-Y., Su Y.-C., Derivations of the even part of odd Hamiltonian superalgebra in modular
case. Acta Math. Sin. English Ser. Mar, 25(3) (2009), 355–378;
Guan Baoling, Chen Liangyun, Derivations of the even part of contact Lie superalgebra. J. Pure Appl.
Algebra, 216 (2012), 1454–1466.
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1.6. Our results. Over K, we list the outer derivations and nontrivial central extensions of
simple finite dimensional Lie (super)algebras of rank ≤ 8 for algebras with symmetric root
systems and several types of nonsymmetric root system — periplectic Lie superalgebras, and
their desuperizations if p = 2. When the pattern is clear, we give the answer for any rank.
Computations are performed with the aid of SuperLie code, see [Gr].
Certain results concerning outer derivations of Lie algebras with noninvertible Cartan
matrix are counterintuitive, e.g., see Remark 2.2.2b; they are based on the innocent-looking
Statement 1.3.1a.
We confirm the results of Ibraev [Ib] and Permyakov [Per] concerting the simple Lie al-
gebras; moreover, we exhibit the explicit cocycles, this is sometimes needed. Observe that
for p = 2, there are other simple Lie algebras of “symmetric” type in addition to those
considered in [Per]; we consider these algebras as well. For all cases where the description of
central extensions does not follow from the general theory of eq. (3) we give it separately.
1.7. Open problems. 1) What is the analog of the exact sequence (3) for odd supersym-
metric g-invariant bilinear forms?
2) For p = 2, what are the rules according to which the spaces H1(g; g), where g = g(A),
vary as 0’s turn into 0¯’s on the diagonal of “the same” Cartan matrix?
3) Describe (super)groups of automorphisms for the cases of simple Lie (super)algebras
not considered in [FG, Mu].
4) For the simple Lie algebras with nonsymmetric root system not considered by Tselou-
sov, Dzhumadildaev, Skryabin, Chiu, and Shen, what are the outer derivations and nontrivial
central extensions? Same question about the deforms of the Z-graded examples for p ≥ 2.
Same question for the simple Lie superalgebras not considered in [MaZh, ZhZh, WaZh,
LiZh, LiZhWa]. For the list of examples, see [GL4, BL, BGL3] for p = 3 and [BGLLS1] and
references therein for p = 2.
2. Results for “symmetric” Lie (super)algebras
One of the main types or our examples are Lie (super)algebras with Cartan matrix, or
their “relatives”. Of course, the weights of cocycles do not depend on a realization (the
choice of Cartan matrix) but the form of cocycles does, so for each Lie (super)algebra, we
give the result for one (“simplest” in some sense) incarnation if there are several. We indicate
the Cartan matrix to which our cocycles correspond. We give only the “nonsuper” version of
the Cartan matrix; for Lie superalgebras with the “same” Cartan matrix (but with 0 instead
of 0¯ on the diagonal) the form of the cocycle is virtually the same, so we do not list these
super cases separately, bar several exceptional cases where the answer is distinct.
The answer for the simple subquotient g(1)(A)/c of the Lie (super)algebra of the form g(A)
is given with respect to the same basis x for positive root vectors and y for negative root
vectors as for g(A) itself. The elements h belong to the maximal torus: hi := [xi, yi]; for the
noninvertible Cartan matrices, we denote the elements dj, see [BGL1], also by letters h in
order not to confuse them with the differential d. The cocycles are labeled by their degree
defined by setting deg xi = − deg yi = 1 for every Chevalley generator (do not confuse gen-
erators with the other elements of the Chevalley basis); the superscript numerates cocycles
of the same degree, if any such occur.
We consider algebras as rank grows, but if the general answer for a series considered is
clear, we give it at the first instance. For each serial Lie (super)algebra, we give the answer
for the smallest value of p that begins the domain of stabilization.
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Thanks to symmetry of the root system, it suffices to give cocycles of only nonpositive
degree; same applies to ogen(2n), pegen(n), p(o)(2n) := o(2n)/K12n, p(pe)(n) := pe(n)/K12n,
and their quotients modulo center considered in §3.
2.1. Rank 1 (o(3) ≃ sl(2) and osp(1|2) for p > 2; hei(2|0) and o(1)(3) and their
superizations hei(0|2) and ooIΠ(1|2) for p = 2).
2.1.1. p = 2. To see the pattern of the explicit form of the cocycles spoken about in Lemma
2.1.1a, see Lemmas 2.4.1a—2.4.1d and 2.5.1c—2.5.1f.
2.1.1a. Lemma. (a) For o
(1)
Π (2n + 1), for a basis of H
1(g; g) we can take 2n derivations
of weight ±2,±4, . . . ,±2n, and der g = oΠ(2n+ 1).
(b) For oo
(1)
IΠ(2n + 1|2k) and n 6= 0, for a basis of H
1(g; g) we can take 2n derivations of
weight ±2,±4, . . . ,±2n, and der g = ooIΠ(2n+ 1|2k).
(c) For oo
(1)
IΠ(1|2k), for a basis of H
1(g; g) we can take 2k derivations of weight ±2,± . . . ,±2k,
and der g = ooIΠ(1|2k).
2.1.1b. Lemma. For hei(2), we have der g ≃ gl(2); and for a basis of H1(g; g) we can take
the following derivations:
(5)
c−2 = y1 ⊗ dx1,
c10 = h1 ⊗ dh1 + x1 ⊗ dx1,
c20 = x1 ⊗ dx1 + y1 ⊗ dy1.
We have H2(hei(2)) = Span(dx1 ∧ dh1).
2.1.1c. Remark. Let us show that the Lie algebra of “outer derivations” out g := der (g)/g
is not “too big”, i.e., Lemma 2.1.1b is correct. The basis of the space of 0-degree 1-cochains
is {h1 ⊗ dh1, x1 ⊗ dx1, y1 ⊗ dy1}. We have
(6) d(ah1 ⊗ dh1 + bx1 ⊗ dx1 + cy1 ⊗ dy1) = (a+ b+ c)h1 ⊗ dx1 ∧ dy1 .
For the linear combination to be a cocycle, the expression (6) should vanish, i.e., a+b+c = 0.
Besides, there are coboundaries of degree 0 because d(h1) = 0. Now, SuperLie is taking a
basis with a = b = 1, c = 0 and a = 0, b = c = 1. To have a symmetric answer, we’d take
a basis with a = b = 1, c = 0 and a = c = 1, b = 0 but the code SuperLie has different
esthetic criteria. We encounter the same type of answer for p = 3.
2.1.1d. Lemma. For hei(0|2), we have der g ≃ oΠ(2)⊕Kz; for a basis of H
1(g; g) we can
take the following derivations for p = 2, 3, 5, . . . , and 0:
(7)
c10 = h1 ⊗ dh1 − x1 ⊗ dx1,
c20 = −x1 ⊗ dx1 + y1 ⊗ dy1.
We have H2(hei(0|2)) = Span(dx1 ∧ dx1).
2.1.1e. Lemma. For ooIΠ(1|2), we have H
1(g; g) = 0.
2.1.1f. Remark. One might expect the same result as for o
(1)
Π (3). Lemma 2.1.1e is, how-
ever, correct: let us prove it. There is one coboundary: x1 ⊗ dx1 + y1 ⊗ dy1. The space of
cochains is 5-dimensional, that of cocycles is equal to 2. For o
(1)
Π (3), the situation is different
(first, the dimension is smaller), the space of cochains is 3-dimensional, and that of cocycles
is equal to 1. The coboundary, which is also x1⊗ dx1+ y1⊗ dy1, reduces to 0. We encounter
the same type of answer for p = 3.
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2.1.2. p = 3.
2.1.2a. Lemma. For hei(2), we have der g ≃ gl(2); for a basis of H1(g; g) we can take the
following derivations
c−2 = y1 ⊗ dx1,
c10 = h1 ⊗ dh1 + x1 ⊗ dx1,
c20 = −x1 ⊗ dx1 + y1 ⊗ dy1.
We have H2(hei(2)) = Span(dx1 ∧ dh1).
2.1.2b. Lemma. For osp(1|2), for a basis of H1(g; g) we can take the following odd deriva-
tions (here x2 = [x1, x1] and y2 = [y1, y1]):
c−3 = 2 y1 ⊗ dx2 + y2 ⊗ dx1.
2.1.2c. Lemma. For sl(2), we have H1(g; g) = 0.
2.1.3. p = 5.
2.1.3a. Lemma. For hei(2), we have der g ≃ gl(2); for a basis of H1(g; g) we can take the
following derivations:
c−2 = y1 ⊗ dx1,
c10 = h1 ⊗ dh1 − x1 ⊗ dx1,
c20 = −x1 ⊗ dx1 + y1 ⊗ dy1.
We have H2(hei(2)) = Span(dx1 ∧ dh1).
2.1.3b. Lemma. For g = sl(2) and osp(1|2), we have H1(g; g) = 0.
2.2. Rank 2 (sl(3) for p 6= 3 and gl(3) for p = 3; g(2) for p > 3; sp(4) for p > 3
and br(2; a) for p = 3; brj(2, 5) for p = 5).
2.2.1. p = 2.
2.2.1a. Lemma. For g = oo
(1)
IΠ(3|2) with Cartan matrix
(8)
(
0 1
1 1
)
and a basis
x1, x2,
x3 = x
2
2, x4 = [x1, x2],
x5 = [x2, x
2
2],
for a basis of H1(g; g) we can take the following derivations:
c−4 = y2 ⊗ dx5 + y4 ⊗ dx4 + y5 ⊗ dx2.
For a basis of H2(g) we can take the following cocycles:
deg = −3 : dx5 ∧ dx5,
deg = −2 : dx2 ∧ dx2.
2.2.1b. Lemma. For g = sl(3), sl(1|2), oo
(1)
IΠ(1|4), we have H
1(g; g) = 0.
2.2.2. p = 3.
2.2.2a. Lemma. (a) For g = gl(3), for a basis of H1(g; g) we can take the following
derivation:
c0 = 2 h1 ⊗ dh3 + h2 ⊗ dh3,
where h3 denotes the grading operator in order not to confuse it with the differential d.
We have H2(gl(3)) = 0.
(b) For g = psl(3), for a basis of H1(g; g) we can take the following derivations:
deg = −3 : c1−3 = y1 ⊗ dx3 + y3 ⊗ dx1, c
2
−3 = y2 ⊗ dx3 + y3 ⊗ dx2,
deg = 0 : c10 = 2 x2 ⊗ dx1 + y1 ⊗ dy2, c
2
0 = 2 x1 ⊗ dx2 + y2 ⊗ dy1,
c30 = x1 ⊗ dx1 + 2 x2 ⊗ dx2 + 2 y1 ⊗ dy1 + y2 ⊗ dy2.
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We have dimH2(psl(3)) = 7, for a basis we can take the following cocycles:
deg = −3 : c1−3 = dx2 ∧ dx3, c
2
−3 = dx1 ∧ dx3;
deg = 0 : c10 = dx1 ∧ dy2, c
2
0 = dx2 ∧ dy2 − dx1 ∧ dy1, c
3
0 = dx2 ∧ dy1.
2.2.2b. Remark. This remark is for those who can not believe the claim in heading a)
of Lemma 2.2.2a because “gl can not have outer derivations by definition”. In a way, the
expression in quotation marks is not true if p 6= 0, see Statement 1.3.1a. Since the Cartan
matrix of gl(3) for p = 3 is not invertible, there is a grading operator D, see [BGL1]. For
such a D one can take, i.e., h3 = 2E1,1+E2,2+E3,3, which, of course, belongs to the algebra.
2.2.2c. Lemma. For g = brj(2; 3) with Cartan matrix
(9)
(
0 −1
−2 1
)
and basis
x1, x2,
x3 = [x1, x2], x4 = [x2, x2],
x5 = [x2, [x1, x2]],
x6 = [[x1, x2], [x2, x2]],
x7 = [[x2, x2], [x2, [x1, x2]]],
x8 = [[x2, [x1, x2]], [x2, [x1, x2]]],
for a basis of H1(g; g) we can take the following derivations:
c−3 = x1 ⊗ dx6 + x3 ⊗ dx7 + 2 y2 ⊗ dx4 + y4 ⊗ dx2 + 2 y6 ⊗ dy1 + y7 ⊗ dy3.
We have H2(g) = 0.
2.2.2d. Lemma. For g = sl(1|2), o(5), osp(3|2), osp(1|4), we have H1(g; g) = 0.
2.2.3. p = 5.
2.2.3a. Lemma. For g = brj(2; 5), sl(3), o(5), sl(1|2), osp(3|2), and osp(1|4), we have
H1(g; g) = 0.
2.3. Rank 3 (sl(4) for p 6= 2; psl(4) and gl(4) for p = 2; sp(6), o(7) and ag(2) for
p > 3; br(3) and g(1, 6), g(2, 3) and g(1)(2, 3)/c for p = 3; wk(3, a) and bgl(3, a)
for p = 2).
2.3.1. p = 2.
2.3.1a. Lemma. (a) For g = wk(3, α) and g = bgl(3, α) with Cartan matrix
(10)

 0¯ α 0α 0¯ 1
0 1 0¯

 and basis
x1, x2, x3,
x4 = [x1, x2], x5 = [x2, x3],
x6 = [x3, [x1, x2]],
x7 = [[x1, x2], [x2, x3]]
for a basis of H1(g; g) we can take the following derivation:
c0 = h1 ⊗ dh4 + α h3 ⊗ dh4.
We have H2(g) = 0.
(b) For g = wk(3, a)/c and bgl(3, a)/c, we have dimH1(g(1); g(1)) = 1 and der g(1) = g.
We have: H2(g(1)) is spanned by
c0 = dx1 ∧ dy1 + αdx4 ∧ dy4 + αdx6 ∧ dy6 + α(α+ 1)dx7 ∧ dy7.
2.3.1b. The Lie superalgebra ospa(4|2) for p = 2. As we know (e.g., from [BGL1]),
over C, one of the Cartan matrices of ospa(4|2) is

 2 −1 0−1 0 −α
0 −1 2

, so osp1(4|2) = osp(4|2),
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and ospa(4|2) is not simple for a = 0 and −1. We have the exact sequences
(11)
0 −→ psl(2|2) −→ osp−1(4|2) −→ sl(2) −→ 0;
0 −→ sl(2) −→ osp0(4|2) −→ psl(2|2) −→ 0.
In other words, der psl(2|2) ≃ osp−1(4|2) and on the space of three nontrivial central exten-
sions of psl(2|2) a natural structure of the Lie algebra sl(2) can be defined.
For p = 2, there are considerably more of both outer derivations and central extensions
of psl(2|2) and its desuperization, psl(4) than there are outer derivations and central exten-
sions of psl(2|2) over C. Only some of them are understood, see Lemma 2.3.1c (recall that
psl(2|2) = h(1)(0|4) and psl(4) = h(1)(4;N s) ≃ F(h
(1)(0|4)). We’d like to conjecture that the
central extensions of psl(4) constitute the Lie algebra o(3) ⊕ K (and something similar for
psl(2|2)):
0 −→ o(3)⊕K −→? −→ psl(4) −→ 0
but the answers (12) and (13) are quite different.
2.3.1c. Lemma. (a) For g = gl(4), for a basis of H1(g; g) we can take the following
derivation:
c0 = h1 ⊗ dh4 + h3 ⊗ dh4,
where h4 is the outer derivation; same situation as for gl(3) for p = 3, see Lemma 2.2.2a a).
(b) For g = psl(4), for a basis of H1(g; g) we can take the following derivations and the
corresponding subalgebra of der g generated by adding just one outer derivation to the inner
ones is indicated on the right if we can identify it (recall that a⋉b denotes a semidirect sum
with a the ideal):
c−4 = y2 ⊗ dx6 + y4 ⊗ dx5 + y5 ⊗ dx4 + y6 ⊗ dx2
c−2 = x2 ⊗ dx6 + y1 ⊗ dx3 + y3 ⊗ dx1 + y6 ⊗ dy2 F(h(0|4))
c10 = x3 ⊗ dx1 + x5 ⊗ dx4 + y1 ⊗ dy3 + y4 ⊗ dy5
c20 = x1 ⊗ dx3 + x4 ⊗ dx5 + y3 ⊗ dy1 + y5 ⊗ dy4
c30 = x2 ⊗ dx2 + x3 ⊗ dx3 + x4 ⊗ dx4 + y2 ⊗ dy2+
y3 ⊗ dy3 + y4 ⊗ dy4 pgl(4) ≃ F(h
(1)(0|4)⋉KE)
The nontrivial central extensions of psl(4): the right-most column contains the description
of the result when we can identify the algebra; the independent cocycles are as follows:
(12)
c−4 = dx2 ∧ dx6 + dx4 ∧ dx5
c−2 = dx1 ∧ dx3 + dx6 ∧ dy2 F(po
(1)(0|4))
c10 = dx1 ∧ dy3 + dx4 ∧ dy5
c20 = dx3 ∧ dy1 + dx5 ∧ dy4
c30 = dx2 ∧ dy2 + dx3 ∧ dy3 + dx4 ∧ dy4 sl(4)
Over K for p = 2, the role of ospa(4|2) is played by bgl(3; a), where a 6= 0, 1, and its
desuperization, wk(3; a). For these algebras we have the following analog of (11):
(13)
0 −→ K3 −→ wk(3; 1) −→ psl(4) −→ 0;
0 −→ K7 −→ wk(3; 0) −→ K2 ⊕ sl(3) −→ 0, where
K7 is a commutative ideal which, as the wk(3; 0)-module, is the direct sum
of three irreducible modules of dimensions 1⊕ 3⊕ 3;
0 −→ K3 −→ bgl(3; 1) −→ psl(2|2) −→ 0;
0 −→ K5|2 −→ bgl(3; 0) −→ Π(K2)⊕ sl(1|2) −→ 0, where
K5|2 is a commutative ideal which, as the bgl(3; 0)-module, is the direct sum
of three irreducible modules of dimensions 1⊕ 2|1⊕ 2|1.
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2.3.2. p = 3.
2.3.2a. Lemma. a) For g = gl(2|2), for a basis of H1(g; g) we can take the following
derivation (here h4 is the outer derivation; same situation as for gl(3) for p = 3):
c0 = 2 h1 ⊗ dh4 + h2 ⊗ dh4 + h3 ⊗ dh4.
We have H2(gl(2|2)) = 0.
b) For g = psl(2|2), for a basis of H1(g; g) we can take the following derivation:
c0 = 2x2 dx2 + 2x3dx3 + 2x4dx4 + y2dy2 + y3dy3 + y4dy4, der g = pgl(2|2).
We have H2(psl(2|2)) = Span(dx2 ∧ dy2 + dx3 ∧ dy3 − dx4 ∧ dy4).
2.3.2b. Lemma. (a) For g = g(2, 3) with Cartan matrix
(14)

 2 −1 −1−1 2 −1
−1 −1 0

 and basis
x1, x2, x3,
x4 = [x1, x2], x5 = [x1, x3], x6 = [x2, x3],
x7 = [x3, [x1, x2]],
x8 = [[x1, x2], [x1, x3]], x9 = [[x1, x2], [x2, x3]],
x10 = [[x1, x2], [x3, [x1, x2]]],
x11 = [[x3, [x1, x2]], [x3, [x1, x2]]]
for a basis of H1(g; g) we can take the following derivation (here h4 is the outer derivation;
same situation as for gl(3) for p = 3):
c0 = 2 h1 ⊗ dh4 + h2 ⊗ dh4.
We have H2(g) = 0.
(b) For g = bj := g(2, 3)(1)/c, for a basis of H1(g; g) we can take the following derivations:
c1−3 = 2 x3 ⊗ dx8 + x6 ⊗ dx10 + y1 ⊗ dx4 + y4 ⊗ dx1 + 2 y8 ⊗ dy3 + y10 ⊗ dy6,
c2−3 = x3 ⊗ dx9 + x5 ⊗ dx10 + 2 y2 ⊗ dx4 + 2 y4 ⊗ dx2 + y9 ⊗ dy3 + y10 ⊗ dy5;
c10 = x2 ⊗ dx1 + 2 x6 ⊗ dx5 + 2 x9 ⊗ dx8 + 2 y1 ⊗ dy2 + y5 ⊗ dy6 + y8 ⊗ dy9,
c20 = x1 ⊗ dx1 + 2 x2 ⊗ dx2 + 2 x5 ⊗ dx5 + x6 ⊗ dx6 + 2 x8 ⊗ dx8 + x9 ⊗ dx9+
2 y1 ⊗ dy1 + y2 ⊗ dy2 + y5 ⊗ dy5 + 2 y6 ⊗ dy6 + y8 ⊗ dy8 + 2 y9 ⊗ dy9,
c30 = x1 ⊗ dx2 + 2 x5 ⊗ dx6 + 2 x8 ⊗ dx9 + 2 y2 ⊗ dy1 + y6 ⊗ dy5 + y9 ⊗ dy8.
We have dimH2(g) = 7; for a basis we can take the following cocycles:
deg = −3 : c1−3 = 2 dx1 ∧ dx4 + dx8 ∧ dy3 + dx10 ∧ dy6,
c2−3 = dx2 ∧ dx4 + 2 dx9 ∧ dy3 + dx10 ∧ dy5;
deg = 0 : c10 = 2 dx1 ∧ dy2 + dx5 ∧ dy6 + dx8 ∧ dy9,
c20 = 2 dx1 ∧ dy1 + x2 ∧ dy2 + dx5 ∧ dy5 + 2 dx6 ∧ dy6 + dx8 ∧ dy8 + 2 dx9 ∧ dy9,
c30 = dx2 ∧ dy1 + 2 dx6 ∧ dy5 + 2 dx9 ∧ dy8.
2.3.2c. Lemma. For g = sp(6), o(7), br(3); g(1, 6), osp(1|6), osp(2|4), osp(3|4), osp(4|2),
osp(5|2), sl(1|3), we have H1(g; g) = 0.
2.3.3. p = 5.
2.3.3a. Lemma. For g = sp(6), o(7); ag(2), osp(1|6), osp(2|4), osp(3|4), osp(5|2), sl(1|3),
osp(4|2), we have H1(g; g) = 0.
2.3.3b. Lemma. (a) For g = gl(2|2), for a basis of H1(g; g) we can take the following
derivation:
c0 = 4 h1 ⊗ dh4 + 3 h2 ⊗ dh4 + h3 ⊗ dh4,
where h4 is the outer derivation; same situation as for gl(3) for p = 3, see Lemma 2.2.2a a).
We have H2(gl(2|2)) = 0.
(b) For g = psl(2|2), we have dimH1(g; g) = 1 and der g = pgl(2|2).
12 Sofiane Bouarroudj, Pavel Grozman, Alexei Lebedev, Dimitry Leites
For psl(3|1) with Cartan matrix
(
2 −1 0
−1 0 1
0 −1 2
)
we have
H2(psl(3|1)) = Span(dx2 ∧ dy2 + dx3 ∧ dy3 − dx4 ∧ dy4).
2.4. Rank 4 (sl(5) for p 6= 5 and gl(5) for p = 5; sp(8), o(8), o(9), f(4) and ab(3)
for p > 3; g(3, 6), g(4, 3), g(3, 3) and g(1)(3, 3)/c for p = 3; wk(4, a) and bgl(4, a)
for p = 2).
2.4.1. p = 2.
2.4.1a. Lemma. (a) For g = oc(1; 8)⋉KI0, ooc(1; 4|4)⋉KI0 and ooc(1; 6|2)/c with Cartan
matrix
(15)


0¯ 0 0 1
0 0¯ 0 1
0 0 0¯ 1
1 1 1 0¯

 and basis
x1, x2, x3, x4,
x5 = [x1, x4], x6 = [x2, x4], x7 = [x3, x4],
x8 = [x2, [x1, x4]], x9 = [x3, [x1, x4]],
x10 = [x3, [x2, x4]], x11 = [x3, [x2, [x1, x4]]],
x12 = [[x3, x4], [x2, [x1, x4]]]
for a basis of H1(g; g) we can take the following derivations:
c10 = h1 ⊗ dh5 + h2 ⊗ dh5,
c20 = h1 ⊗ dh6 + h2 ⊗ dh6,
c30 = h1 ⊗ dh5 + h3 ⊗ dh5,
c40 = h1 ⊗ dh6 + h3 ⊗ dh6.
We have H2(g) = Span(dh5 ∧ dh6) for ooc(1; 8)⋉KI0.
For ooc(1; 4|4)⋉ KI0, we have (here the parity is distributed as follows: all simple roots
are even except x4 and y4):
deg = −8 : dx11 ∧ dx11,
deg = −6 : c1−6 = dx8 ∧ dx8, c
2
−6 = dx9 ∧ dx9, c
3
−6 = dx10 ∧ dx10,
deg = −4 : c1−4 = dx5 ∧ dx5, c
2
−4 = dx6 ∧ dx6, c
3
−4 = dx7 ∧ dx7,
deg = −2 : dx4 ∧ dx4,
deg = 0 : dh5 ∧ dh6.
For ooc(1; 6|2)⋉KI0, we have (here the parity is distributed as follows: all simple roots are
even except x1 and y1):
deg = −12 : dx12 ∧ dx12,
deg = −8 : dx11 ∧ dx11,
deg = −6 : c1−6 = dx8 ∧ dx8, c
2
−6 = dx9 ∧ dx9,
deg = −4 : dx5 ∧ dx5,
deg = −2 : dx1 ∧ dx1,
deg = 0 : dh5 ∧ dh6.
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(b) For g = oc(1; 8)/c, ooc(1; 4|4)/c and ooc(1; 6|2)/c, for a basis of H1(g; g) we can take
the following derivations:
c1−6 = y1 ⊗ dx12 + y5 ⊗ dx11 + y8 ⊗ dx9 + y9 ⊗ dx8 + y11 ⊗ dx5 + y12 ⊗ dx1,
c2−6 = y2 ⊗ dx12 + y6 ⊗ dx11 + y8 ⊗ dx10 + y10 ⊗ dx8 + y11 ⊗ dx6 + y12 ⊗ dx2,
c3−6 = y3 ⊗ dx12 + y7 ⊗ dx11 + y9 ⊗ dx10 + y10 ⊗ dx9 + y11 ⊗ dx7 + y12 ⊗ dx3,
c1−4 = x1 ⊗ dx12 + y4 ⊗ dx10 + y6 ⊗ dx7 + y7 ⊗ dx6 + y10 ⊗ dx4 + y12 ⊗ dy1,
c2−4 = x2 ⊗ dx12 + y4 ⊗ dx9 + y5 ⊗ dx7 + y7 ⊗ dx5 + y9 ⊗ dx4 + y12 ⊗ dy2,
c3−4 = x3 ⊗ dx12 + y4 ⊗ dx8 + y5 ⊗ dx6 + y6 ⊗ dx5 + y8 ⊗ dx4 + y12 ⊗ dy3,
c1−2 = x4 ⊗ dx10 + x5 ⊗ dx11 + y2 ⊗ dx3 + y3 ⊗ dx2 + y10 ⊗ dy4 + y11 ⊗ dy5,
c2−2 = x4 ⊗ dx9 + x6 ⊗ dx11 + y1 ⊗ dx3 + y3 ⊗ dx1 + y9 ⊗ dy4 + y11 ⊗ dy6,
c3−2 = x4 ⊗ dx8 + x7 ⊗ dx11 + y1 ⊗ dx2 + y2 ⊗ dx1 + y8 ⊗ dy4 + y11 ⊗ dy7,
c10 = x3 ⊗ dx2 + x7 ⊗ dx6 + x9 ⊗ dx8 + y2 ⊗ dy3 + y6 ⊗ dy7 + y8 ⊗ dy9,
c20 = x3 ⊗ dx1 + x7 ⊗ dx5 + x10 ⊗ dx8 + y1 ⊗ dy3 + y5 ⊗ dy7 + y8 ⊗ dy10,
c30 = x2 ⊗ dx3 + x6 ⊗ dx7 + x8 ⊗ dx9 + y3 ⊗ dy2 + y7 ⊗ dy6 + y9 ⊗ dy8,
c40 = x2 ⊗ dx1 + x6 ⊗ dx5 + x10 ⊗ dx9 + y1 ⊗ dy2 + y5 ⊗ dy6 + y9 ⊗ dy10,
c50 = x1 ⊗ dx3 + x5 ⊗ dx7 + x8 ⊗ dx10 + y3 ⊗ dy1 + y7 ⊗ dy5 + y10 ⊗ dy8,
c60 = x1 ⊗ dx2 + x5 ⊗ dx6 + x9 ⊗ dx10 + y2 ⊗ dy1 + y6 ⊗ dy5 + y10 ⊗ dy9,
c70 = x1 ⊗ dx1 + x2 ⊗ dx2 + x5 ⊗ dx5 + x6 ⊗ dx6 + x9 ⊗ dx9 + x10 ⊗ dx10+
y1 ⊗ dy1 + y2 ⊗ dy2 + y5 ⊗ dy5 + y6 ⊗ dy6 + y9 ⊗ dy9 + y10 ⊗ dy10,
c80 = x1 ⊗ dx1 + x3 ⊗ dx3 + x5 ⊗ dx5 + x7 ⊗ dx7 + x8 ⊗ dx8 + x10 ⊗ dx10+
y1 ⊗ dy1 + y3 ⊗ dy3 + y5 ⊗ dy5 + y7 ⊗ dy7 + y8 ⊗ dy8 + y10 ⊗ dy10.
For a basis of H2(g) we can take the following cocycles:
For g = oc(1; 8)/c:
deg = −6 : dx1 ∧ dx12 + dx5 ∧ dx11 + dx8 ∧ dx9,
x2 ∧ dx12 + dx6 ∧ dx11 + dx8 ∧ dx10,
dx3 ∧ dx12 + dx7 ∧ dx11 + dx9 ∧ dx10,
deg = −4 : dx4 ∧ dx10 + dx6 ∧ dx7 + dx12 ∧ dy1,
dx4 ∧ dx9 + dx5 ∧ dx7 + dx12 ∧ dy2,
dx4 ∧ dx8 + dx5 ∧ dx6 + dx12 ∧ dy3,
deg = −2 : dx2 ∧ dx3 + dx10 ∧ dy4 + dx11 ∧ dy5,
dx1 ∧ dx3 + dx9 ∧ dy4 + x11 ∧ dy6,
dx1 ∧ dx2 + dx8 ∧ dy4 + dx11 ∧ dy7,
deg = 0 : dx2 ∧ dy3 + dx6 ∧ dy7 + dx8 ∧ dy9,
dx1 ∧ dy3 + dx5 ∧ dy7 + dx8 ∧ dy10,
dx3 ∧ dy2 + dx7 ∧ dy6 + dx9 ∧ dy8,
dx1 ∧ dy2 + dx5 ∧ dy6 + dx9 ∧ dy10,
dx3 ∧ dy1 + dx7 ∧ dy5 + x10 ∧ dy8,
dx2 ∧ dy1 + dx6 ∧ dy5 + dx10 ∧ dy9,
dx2 ∧ dy2 + dx3 ∧ dy3 + dx6 ∧ dy6 + dx7 ∧ dy7 + x8 ∧ dy8 + dx9 ∧ dy9,
dx1 ∧ dy1 + dx3 ∧ dy3 + x5 ∧ dy5 + x7 ∧ dy7 + x8 ∧ dy8 + dx10 ∧ dy10.
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For g = oc(1; 4|4)/c:
deg = −8 : dx11 ∧ dx11,
deg = −6 : dx8 ∧ dx8, dx9 ∧ dx9, dx10 ∧ dx10,
dx1 ∧ dx12 + dx5 ∧ dx11 + dx8 ∧ dx9,
dx2 ∧ dx12 + dx6 ∧ dx11 + dx8 ∧ dx10,
dx3 ∧ dx12 + dx7 ∧ dx11 + dx9 ∧ dx10,
deg = −4 : dx5 ∧ dx5, dx6 ∧ dx6, dx7 ∧ dx7,
dx4 ∧ dx10 + dx6 ∧ dx7 + dx12 ∧ dy1,
dx4 ∧ dx9 + dx5 ∧ dx7 + dx12 ∧ dy2,
dx4 ∧ dx8 + dx5 ∧ dx6 + dx12 ∧ dy3,
deg = −2 : dx4 ∧ dx4,
dx2 ∧ dx3 + dx10 ∧ dy4 + dx11 ∧ dy5,
dx1 ∧ dx3 + dx9 ∧ dy4 + dx11 ∧ dy6,
dx1 ∧ dx2 + dx8 ∧ dy4 + dx11 ∧ dy7,
deg = 0 : dx2 ∧ dy3 + dx5 ∧ dy7 + dx8 ∧ dy9,
dx1 ∧ dy3 + dx5 ∧ dy7 + dx8 ∧ dy10,
dx3 ∧ dy2 + dx7 ∧ dy6 + dx9 ∧ dy8,
dx1 ∧ dy2 + dx5 ∧ dy6 + dx9 ∧ dy10,
dx3 ∧ dy1 + dx7 ∧ dy5 + dx10 ∧ dy8,
dx2 ∧ dy1 + dx6 ∧ dy5 + dx10 ∧ dy9,
dx2 ∧ dy2 + dx3 ∧ dy3 + dx6 ∧ dy6 + dx7 ∧ dy7 + dx8 ∧ dy8 + dx9 ∧ dy9,
dx1 ∧ dy1 + dx3 ∧ dy3 + dx5 ∧ dy5 + dx7 ∧ dy7 + dx8 ∧ dy8 + dx10 ∧ dy10.
For g = oc(1; 6|2)/c:
deg = −10 : dx12 ∧ dx12,
deg = −8 : dx11 ∧ dx11,
deg = −6 : dx8 ∧ dx8,
dx1 ∧ dx12 + dx5 ∧ dx11 + dx8 ∧ dx9,
dx2 ∧ dx12 + dx6 ∧ dx11 + dx8 ∧ dx10,
dx9 ∧ dx9,
dx3 ∧ dx12 + dx7 ∧ dx11 + dx9 ∧ dx10,
deg = −4 : dx5 ∧ dx5,
dx4 ∧ dx10 + dx6 ∧ dx7 + dx12 ∧ dy1,
dx4 ∧ dx9 + dx5 ∧ dx7 + dx12 ∧ dy2,
dx4 ∧ dx8 + dx5 ∧ dx6 + dx12 ∧ dy3,
deg = −2 : dx1 ∧ dx1,
dx2 ∧ dx3 + dx10 ∧ dy4 + dx11 ∧ dy5,
dx1 ∧ dx3 + dx9 ∧ dy4 + dx11 ∧ dy6,
dx1 ∧ dx2 + dx8 ∧ dy4 + dx11 ∧ dy7,
deg = 0 : dx2 ∧ dy3 + dx6 ∧ dy7 + dx8 ∧ dy9,
dx1 ∧ dy3 + dx5 ∧ dy7 + dx8 ∧ dy10,
dx3 ∧ dy2 + dx7 ∧ dy6 + dx9 ∧ dy8,
dx1 ∧ dy2 + dx5 ∧ dy6 + dx9 ∧ dy10,
dx3 ∧ dy1 + dx7 ∧ dy5 + dx10 ∧ dy8,
dx2 ∧ dy1 + dx6 ∧ dy5 + dx10 ∧ dy9,
dx2 ∧ dy2 + dx3 ∧ dy3 + dx6 ∧ dy6 + dx7 ∧ dy7 + dx8 ∧ dy8 + dx9 ∧ dy9,
dx1 ∧ dy1 + dx3 ∧ dy3 + dx5 ∧ dy5 + dx7 ∧ dy7 + dx8 ∧ dy8 + dx10 ∧ dy10.
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2.4.1b. Lemma. For g = oo
(1)
IΠ(3|6) with Cartan matrix
(16)


0¯ 1 0 0
1 0¯ 1 0
0 1 0 1
0 0 1 1¯

 and basis
x1, x2, x3, x4,
x5 = [x1, x2], x6 = [x2, x3], x7 = [x3, x4],
x8 = [x3, [x1, x2]], x9 = [x4, [x2, x3]], x10 = [x4, [x3, x4]],
x11 = [x4, [x4, [x2, x3]]], x12 = [[x1, x2], [x3, x4]],
x13 = [x3, x4]
2, x14 = [[x1, x2], [x4, [x3, x4]]],
x15 = [[x3, x4], [x4, [x2, x3]]],
x16 = [[x3, [x1, x2]], [x4, [x3, x4]]],
x17 = [x4, [x2, x3]]
2, x18 = [[x4, [x2, x3]], [[x1, x2], [x3, x4]]],
x19 = [[x1, x2], [x3, x4]]
2
for a basis of H1(g; g) we can take the following derivations:
c−2 = x3 ⊗ dx10 + x6 ⊗ dx11 + x8 ⊗ dx14 + y4 ⊗ dx4 + y10 ⊗ dy3 + y11 ⊗ dy6 + y14 ⊗ dy8.
For a basis of H2(g) we can take the following cocycles:
deg = −10 : dx14 ∧ dx14,
deg = −8 : dx11 ∧ dx11,
deg = −6 dx8 ∧ dx8, dx10 ∧ dx10,
deg = −4 : dx6 ∧ dx6,
deg = −2 : dx3 ∧ dx3.
2.4.1c. Lemma. For g = oo
(1)
IΠ(5|4) with Cartan matrix
(17)


0¯ 1 0 0
1 0 1 0
0 1 0¯ 1
0 0 1 1¯

 and basis
x1, x2, x3, x4,
x5 = [x1, x2], x6 = [x2, x3], x7 = [x3, x4],
x8 = [x3, [x1, x2]], x9 = [x4, [x2, x3]], x10 = [x4, [x3, x4]],
x11 = [x4, [x4, [x2, x3]]], x 12 = [[x1, x2], [x3, x4]],
x13 = [[x1, x2], [x4, [x3, x4]]], x14 = [[x3, x4], [x4, [x2, x3]]],
x15 = [[x3, [x1, x2]], [x4, [x3, x4]]],
x16 = [x4, [x2, x3]]
2, x17 = [[x4, [x2, x3]], [[x1, x2], [x3, x4]]],
x18 = [[x1, x2], [x3, x4]]
2
for a basis of H1(g; g) we can take the following derivations:
c−4 = x2 ⊗ dx14 + x5 ⊗ dx15 + y3 ⊗ dx10 + y7 ⊗ dx7 + y10 ⊗ dx3 + y14 ⊗ dy2 + y15 ⊗ dy5,
c−2 = x3 ⊗ dx10 + x6 ⊗ dx11 + x8 ⊗ dx13 + y4 ⊗ dx4 + y10 ⊗ dy3 + y11 ⊗ dy6 + y13 ⊗ dy8.
For a basis of H2(g) we can take the following cocycles:
deg = −12 : dx15 ∧ dx15,
deg = −10 : dx14 ∧ dx14, dx13 ∧ dx13,
deg = −8 : dx11 ∧ dx11,
deg = −6 : dx8 ∧ dx8,
deg = −4 : dx6 ∧ dx6, dx5 ∧ dx5,
deg = −2 : dx2 ∧ dx2.
2.4.1d. Lemma. For g = oo
(1)
IΠ(7|2), with Cartan matrix
(18)


0 1 0 0
1 0¯ 1 0
0 1 0¯ 1
0 0 1 1

 and basis
x1, x2, x3, x4,
x5 = [x1, x2], x6 = [x2, x3], x7 = [x3, x4],
x8 = [x3, [x1, x2]], x9 = [x4, [x2, x3]], x10 = [x4, [x3, x4]],
x11 = [x4, [x4, [x2, x3]]], x12 = [[x1, x2], [x3, x4]],
x13 = [[x1, x2], [x4, [x3, x4]]], x14 = [[x3, x4], [x4, [x2, x3]]],
x15 = [[x3, [x1, x2]], [x4, [x3, x4]]],
x16 = [[x4, [x2, x3]], [[x1, x2], [x3, x4]]],
x17 = [[x1, x2], [x3, x4]]
2
For a basis of H1(g; g) we can take the following derivations:
c−6 = x1 ⊗ dx16 + y2 ⊗ dx14 + y6 ⊗ dx11 + y9 ⊗ dx9 + y11 ⊗ dx6 + y14 ⊗ dx2 + y16 ⊗ dy1,
c−4 = x2 ⊗ dx14 + x5 ⊗ dx15 + y3 ⊗ dx10 + y7 ⊗ dx7 + y10 ⊗ dx3 + y14 ⊗ dy2 + y15 ⊗ dy5,
c−2 = x3 ⊗ dx10 + x6 ⊗ dx11 + x8 ⊗ dx13 + y4 ⊗ dx4 + y10 ⊗ dy3 + y11 ⊗ dy6 + y13 ⊗ dy8.
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For a basis of H2(g) we can take the following cocycles:
deg = −6 : dx8 ∧ dx8,
deg = −4 : dx5 ∧ dx5,
deg = −2 : dx1 ∧ dx1.
2.4.1e. Lemma. For g = oo
(1)
IΠ(1|8), sl(1|4), sl(3|2), sl(5), wk(4, a), we have H
1(g; g) = 0.
2.4.2. p = 3.
2.4.2a. Lemma. For g = f(4), sp(8), o(8), o(9), osp(1|8), osp(2|6), osp(3|6), osp(4|4),
osp(5|2); g(4, 3), g(3, 6), we have H1(g; g) = 0.
2.4.2b. Lemma. (a) For g = g(3, 3), with the following Cartan matrix and basis
(19)


2 −1 0 0
−1 2 −1 0
0 −2 2 −1
0 0 1 0


x1, x2, x3, x4,
x5 = [x1, x2], x6 = [x2, x3], x7 = [x3, x4],
x8 = [x3, [x1, x2]], x9 = [x3, [x2, x3]], x10 = [x4, [x2, x3]],
x11 = [x3, [x3, [x1, x2]]], x12 = [[x1, x2], [x3, x4]], x13 = [[x2, x3], [x3, x4]],
x14 = [[x2, x3], [x3, [x1, x2]]], x15 = [[x3, x4], [x3, [x1, x2]]],
x16 = [[x3, [x1, x2]], [x4, [x2, x3]]],
x17 = [[x4, [x2, x3]], [x3, [x3, [x1, x2]]]]
for a basis of H1(g; g) we can take the following derivation:
c0 = 2 h1 ⊗ dh5 + h2 ⊗ dh5 + h4 ⊗ dh5.
We have H2(g) = 0.
(b) For g = g(3, 3)(1)/c, for a basis of H1(g; g) we can take the following derivations:
c−8 = y4 ⊗ dx17 + y7 ⊗ dx16 + 2 y10 ⊗ dx15 + y12 ⊗ dx13 + y13 ⊗ dx12 + 2 y15 ⊗ dx10 + y16 ⊗ dx7 + y17 ⊗ dx4,
c0 = 2 x4 ⊗ dx4 + 2 x7 ⊗ dx7 + 2 x10 ⊗ dx10 + 2 x12 ⊗ dx12 + 2 x13 ⊗ dx13 + 2 x15 ⊗ dx15+
2 x16 ⊗ dx16 + 2 x17 ⊗ dx17 + y4 ⊗ dy4 + y7 ⊗ dy7 + y10 ⊗ dy10 + y12 ⊗ dy12 + y13 ⊗ dy13+
y15 ⊗ dy15 + y16 ⊗ dy16 + y17 ⊗ dy17.
For a basis of H2(g) we can take the following cocycles:
deg = −8 dx4 ∧ dx17 + dx7 ∧ dx16 + dx10 ∧ dx15 + dx12 ∧ dx13,
deg = 0 dx4 ∧ dy4 + 2 dx7 ∧ dy7 + dx10 ∧ dy10 + 2 dx12 ∧ dy12 + 2 dx13 ∧ dy13+
dx15 ∧ dy15 + 2 dx16 ∧ dy16 + dx17 ∧ dy17.
2.4.3. p = 5.
2.4.3a. Lemma. For g = f(4), sp(8), o(8), o(9), osp(1|8), osp(2|6), osp(3|6), osp(4|4),
osp(5|2) we have H1(g; g) = 0.
2.5. Rank 5 (sl(6) for p 6= 2, 3 and gl(6) for p = 2, 3; sp(10), o(10), o(11) for
p > 3; g(8, 3), g(2, 6) and g(1)(2, 6)/c, el(5; 3) for p = 3; el(5; 5) for p = 5).
2.5.1. p = 2.
2.5.1a. Lemma. (a) For g = oc(1; 10)⋉KI0, ooc(1; 8|2)⋉KI0, and ooc(1; 6|4)⋉ KI0, as
well as g = pec(1; 5)⋉KI0, with the following Cartan matrix and basis
(20)


0¯ 0 1 0 0
0 0¯ 1 0 0
1 1 0¯ 1 0
0 0 1 0¯ 1
0 0 0 1 0¯


x1, x2, x3, x4, x5,
x6 = [x1, x3], x7 = [x2, x3], x8 = [x3, x4], x9 = [x4, x5],
x10 = [x2, [x1, x3]], x11 = [x4, [x1, x3]], x12 = [x4, [x2, x3]], x13 = [x5, [x3, x4]],
x14 = [x4, [x2, [x1, x3]]], x15 = [[x1, x3], [x4, x5]], x16 = [[x2, x3], [x4, x5]],
x17 = [[x3, x4], [x2, [x1, x3]]], x18 = [[x4, x5], [x2, [x1, x3]]],
x19 = [[x2, [x1, x3]], [x5, [x3, x4]]],
x20 = [[x5, [x3, x4]], [x4, [x2, [x1, x3]]]]
for a basis of H1(g; g) we can take the following derivation:
c0 = h1 ⊗ dh6 + h2 ⊗ dh6.
We have H2(g) = 0.
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(b) For g = o(10)/c, oo(8|2)/c, and oo(6|4)/c, as well as g = pe(5)/c, for a basis of
H1(g; g) we can take the following derivations:
c−8 = y5 ⊗ dx20 + y9 ⊗ dx19 + y13 ⊗ dx18 + y15 ⊗ dx16 + y16 ⊗ dx15 + y18 ⊗ dx13 + y19 ⊗ dx9 + y20 ⊗ dx5,
c−6 = x5 ⊗ dx20 + y4 ⊗ dx17 + y8 ⊗ dx14 + y11 ⊗ dx12 + y12 ⊗ dx11 + y14 ⊗ dx8 + y17 ⊗ dx4 + y20 ⊗ dy5,
c−4 = x4 ⊗ dx17 + x9 ⊗ dx19 + y3 ⊗ dx10 + y6 ⊗ dx7 + y7 ⊗ dx6 + y10 ⊗ dx3 + y17 ⊗ dy4 + y19 ⊗ dy9,
c−2 = x3 ⊗ dx10 + x8 ⊗ dx14 + x13 ⊗ dx18 + y1 ⊗ dx2 + y2 ⊗ dx1 + y10 ⊗ dy3 + y14 ⊗ dy8 + y18 ⊗ dy13,
c10 = x2 ⊗ dx1 + x7 ⊗ dx6 + x12 ⊗ dx11 + x16 ⊗ dx15 + y1 ⊗ dy2 + y6 ⊗ dy7 + y11 ⊗ dy12 + y15 ⊗ dy16,
c20 = x1 ⊗ dx2 + x6 ⊗ dx7 + x11 ⊗ dx12 + x15 ⊗ dx16 + y2 ⊗ dy1 + y7 ⊗ dy6 + y12 ⊗ dy11 + y16 ⊗ dy15,
c30 = x2 ⊗ dx2 + x4 ⊗ dx4 + x7 ⊗ dx7 + x8 ⊗ dx8 + x9 ⊗ dx9 + x10 ⊗ dx10 + x11 ⊗ dx11 + x13 ⊗ dx13+
x15 ⊗ dx15 + x20 ⊗ dx20 + y2 ⊗ dy2 + y4 ⊗ dy4 + y7 ⊗ dy7 + y8 ⊗ dy8 + y9 ⊗ dy9 + y10 ⊗ dy10+
y11 ⊗ dy11 + y13 ⊗ dy13 + y15 ⊗ dy15 + y20 ⊗ dy20
For g = o(1, 6|4)/c and parities of the Chevalley generators being (0, 0, 1, 0, 0), for a basis
of H2(g) we can take the following cocycles:
deg = −10 : dx18 ∧ dx18,
deg = −8 : dx14 ∧ dx14,
dx15 ∧ dx15,
dx5 ∧ dx20 + dx9 ∧ dx19 + dx13 ∧ dx18 + dx15 ∧ dx16,
dx16 ∧ dx16
deg = −6 : dx11 ∧ dx11,
dx12 ∧ dx12,
dx4 ∧ dx17 + dx8 ∧ dx14 + dx11 ∧ dx12 + dx20 ∧ dy5,
dx10 ∧ dx10,
dx13 ∧ dx13,
deg = −4 : dx6 ∧ dx6,
dx7 ∧ dx7,
dx3 ∧ dx10 + dx6 ∧ dx7 + dx17 ∧ dy4 + dx19 ∧ dy9,
deg = −2 : dx3 ∧ dx3,
dx1 ∧ dx2 + dx10 ∧ dy3 + dx14 ∧ dy8 + dx18 ∧ dy13,
deg = 0 : dx1 ∧ dy2 + dx6 ∧ dy7 + dx11 ∧ dy12 + dx15 ∧ dy16,
dx2 ∧ dy1 + dx7 ∧ dy6 + dx12 ∧ dy11 + dx16 ∧ dy15,
dx2 ∧ dy2 + dx5 ∧ dy5 + dx7 ∧ dy7 + dx9 ∧ dy9 + dx10 ∧ dy10 + dx12 ∧ dy12 + dx13 ∧ dy13+
dx14 ∧ dy14 + dx15 ∧ dy15 + dx17 ∧ dy17.
For g = o(1, 8|2)/c and parities of the Chevalley generators being (0, 0, 0, 0, 1), for a basis
of H2(g) we can take the following cocycles:
deg = −14 : dx20 ∧ dx20,
deg = −12 : dx19 ∧ dx19,
deg = −10 : dx18 ∧ dx18,
deg = −8 : dx15 ∧ dx15,
dx5 ∧ dx20 + dx9 ∧ dx19 + dx13 ∧ dx18 + dx15 ∧ dx16,
dx16 ∧ dx16
deg = −6 : dx4 ∧ dx17 + dx8 ∧ dx14 + dx11 ∧ dx12 + dx20 ∧ dy5,
dx13 ∧ dx13,
deg = −4 : dx6 ∧ dx6,
dx9 ∧ dx9,
dx3 ∧ dx10 + dx6 ∧ dx7 + dx17 ∧ dy4 + dx19 ∧ dy9,
deg = −2 : dx1 ∧ dx2 + dx10 ∧ dy3 + dx14 ∧ dy8 + dx18 ∧ dy13,
dx5 ∧ dx5,
deg = 0 : dx1 ∧ dy2 + dx6 ∧ dy7 + dx11 ∧ dy12 + dx15 ∧ dy16,
dx2 ∧ dy1 + dx7 ∧ dy6 + dx12 ∧ dy11 + dx16 ∧ dy15,
dx2 ∧ dy2 + dx5 ∧ dy5 + dx7 ∧ dy7 + dx9 ∧ dy9 + dx10 ∧ dy10 + dx12 ∧ dy12 + dx13 ∧ dy13+
dx14 ∧ dy14 + dx15 ∧ dy15 + dx17 ∧ dy17.
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For g = pe(1, 5)/c and parities of the Chevalley generators being (1, 0, 0, 0, 0), for a basis
of H2(g) we can take the following cocycles:
deg = −14 : dx20 ∧ dx20,
deg = −12 : dx19 ∧ dx19,
deg = −10 : dx18 ∧ dx17,
deg = −8 : dx14 ∧ dx14, dx15 ∧ dx15,
dx5 ∧ dx20 + dx9 ∧ dx19 + dx13 ∧ dx18 + dx15 ∧ dx16,
deg = −6 : dx11 ∧ dx11, dx10 ∧ dx10,
dx4 ∧ dx17 + dx8 ∧ dx14 + dx11 ∧ dx12 + dx20 ∧ dy5,
deg = −4 : dx6 ∧ dx6, dx3 ∧ dx10 + dx6 ∧ dx7 + dx17 ∧ dy4 + dx19 ∧ dy9,
deg = −2 : dx1 ∧ dx2 + dx10 ∧ dy3 + dx14 ∧ dy8 + dx18 ∧ dy13, dx1 ∧ dx1,
deg = 0 : dx1 ∧ dy2 + dx6 ∧ dy7 + dx11 ∧ dy12 + dx15 ∧ dy16,
dx2 ∧ dy1 + dx7 ∧ dy6 + dx12 ∧ dy11 + dx16 ∧ dy15,
dx2 ∧ dy2 + dx5 ∧ dy5 + dx7 ∧ dy7 + dx9 ∧ dy9 + dx10 ∧ dy10 + dx12 ∧ dy12 + dx13 ∧ dy13+
dx14 ∧ dy14 + dx15 ∧ dy15 + dx17 ∧ dy17.
For g = o(10)/c, for a basis of H2(g) we can take the following cocycles:
deg = −8 : dx5 ∧ dx20 + dx9 ∧ dx19 + dx13 ∧ dx18 + dx15 ∧ dx16,
deg = −6 : dx4 ∧ dx17 + dx8 ∧ dx14 + dx11 ∧ dx12 + dx20 ∧ dy5,
deg = −4 : dx3 ∧ dx10 + dx6 ∧ dx7 + dx17 ∧ dy4 + dx19 ∧ dy9,
deg = −2 : dx1 ∧ dx2 + dx10 ∧ dy3 + dx14 ∧ dy8 + dx18 ∧ dy13,
deg = 0 : dx1 ∧ dy2 + dx6 ∧ dy7 + dx11 ∧ dy12 + dx15 ∧ dy16,
dx2 ∧ dy1 + dx7 ∧ dy6 + dx12 ∧ dy11 + dx16 ∧ dy15,
dx2 ∧ dy2 + dx5 ∧ dy5 + dx7 ∧ dy7 + dx9 ∧ dy9 + dx10 ∧ dy10+
+dx12 ∧ dy12 + dx13 ∧ dy13 + dx14 ∧ dy14 + dx15 ∧ dy15 + dx17 ∧ dy17
2.5.1b. Lemma. (a) For g = gl(6), as well as g = gl(5|1), gl(4|2), gl(3|3), for a basis of
H1(g; g) we can take the following derivation:
c0 = h1 ⊗ dh6 + h3 ⊗ dh6 + h5 ⊗ dh6,
where h6 is the outer derivation; same situation as for gl(3) for p = 3, see Lemma 2.2.2a a).
We have H2(g) = 0 for gl(6), whereas for gl(5|1), for a basis of H2(g) we can take the
following cocycles:
deg = −10 : dx15 ∧ dx15
deg = −8 : dx13 ∧ dx13
deg = −6 : dx10 ∧ dx10
deg = −4 : dx6 ∧ dx6
deg = −2 : dx1 ∧ dx1.
for gl(4|2), for a basis of H2(g) we can take the following cocycles:
deg = −10 : dx15 ∧ dx15
deg = −8 : dx13 ∧ dx13
deg = −6 : dx10 ∧ dx10
deg = −4 : dx7 ∧ dx7
deg = −2 : dx2 ∧ dx2.
for gl(3|3), for a basis of H2(g) we can take the following cocycles:
deg = −10 : dx15 ∧ dx15
deg = −8 : dx13 ∧ dx13
deg = −6 : dx10 ∧ dx10
deg = −4 : dx7 ∧ dx7
deg = −2 : dx3 ∧ dx3.
(b) For g = psl(6), as well as psl(5|1), psl(4|2), psl(3|3), for a basis of H1(g; g) we can
take the following derivation turning psl into pgl:
c0 = x3 ⊗ dx3 + x4 ⊗ dx4 + x7 ⊗ dx7 + x9 ⊗ dx9 + x10 ⊗ dx10 + y3 ⊗ dy3+
y4 ⊗ dy4 + y7 ⊗ dy7 + y9 ⊗ dy9 + y10 ⊗ dy10.
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We have H2(psl(6)) is spanned by the following cocycle:
dx3 ∧ dy3 + dx4 ∧ dy4 + dx7 ∧ dy7 + dx9 ∧ dy9 + dx10 ∧ dy10.
For psl(5|1), we have: H2(g) = 0 is spanned by the following cocycles:
deg = −10 : dx15 ∧ dx15,
deg = −8 : dx13 ∧ dx13,
deg = −6 : dx10 ∧ dx10,
deg = −4 : dx6 ∧ dx6,
deg = −2 : dx1 ∧ dx1,
deg = 0 : dx3 ∧ dy3 + dx4 ∧ dy4 + dx7 ∧ dy7 + dx9 ∧ dy9 + dx10 ∧ dy10.
For psl(4|2), for a basis of H2(g) we can take the following cocycles:
deg = −10 : dx15 ∧ dx15,
deg = −8 : dx13 ∧ dx13,
deg = −6 : dx10 ∧ dx10,
deg = −4 : dx7 ∧ dx7,
deg = −2 : dx2 ∧ dx2,
deg = 0 : dx3 ∧ dy3 + dx4 ∧ dy4 + dx7 ∧ dy7 + dx9 ∧ dy9 + dx10 ∧ dy10.
For psl(3|3), for a basis of H2(g) we can take the following cocycles:
deg = −10 : dx15 ∧ dx15,
deg = −8 : dx13 ∧ dx13,
deg = −6 : dx10 ∧ dx10,
deg = −4 : dx7 ∧ dx7,
deg = −2 : dx3 ∧ dx3,
deg = 0 : dx3 ∧ dy3 + dx4 ∧ dy4 + dx7 ∧ dy7 + dx9 ∧ dy9 + dx10 ∧ dy10.
2.5.1c. Lemma. For oo
(1)
IΠ(7|4) with the following Cartan matrix and basis
(21)


0¯ 1 0 0 0
1 0 1 0 0
0 1 0¯ 1 0
0 0 1 0¯ 1
0 0 0 1 1¯


x1, x2, x3, x4, x5,
x6 = [x1, x2], x7 = [x2, x3], x8 = [x3, x4], x9 = [x4, x5],
x10 = [x3, [x1, x2]], x11 = [x4, [x2, x3]], x12 = [x5, [x3, x4]],
x13 = [x5, [x4, x5]],
x14 = [x5, [x5, [x3, x4]]], x15 = [[x1, x2], [x3, x4]], x16 = [[x2, x3], [x4, x5]],
x17 = [[x2, x3], [x5, [x4, x5]]], x18 = [[x4, x5], [x3, [x1, x2]]],
x19 = [[x4, x5], [x5, [x3, x4]]],
x20 = [[x3, [x1, x2]], [x5, [x4, x5]]], x21 = [[x4, [x2, x3]], [x5, [x4, x5]]],
x22 = [[x5, [x3, x4]], [[x2, x3], [x4, x5]]],
x23 = [[x5, [x4, x5]], [[x1, x2], [x3, x4]]],
x24 = [[x5, [x5, [x3, x4]]], [[x1, x2], [x3, x4]]], x25 = [[x2, x3], [x4, x5]]2,
x26 = [[[x2, x3], [x4, x5]], [[x4, x5], [x3, [x1, x2]]]],
x27 = [[x4, x5], [x3, [x1, x2]]]2
for a basis of H1(g; g) we can take the following derivations:
c−6 = x2 ⊗ dx22 + x6 ⊗ dx24 + y3 ⊗ dx19 + y8 ⊗ dx14 + y12 ⊗ dx12 + y14 ⊗ dx8
+y19 ⊗ dx3 + y22 ⊗ dy2 + y24 ⊗ dy6
c−4 = x3 ⊗ dx19 + x7 ⊗ dx21 + x10 ⊗ dx23 + y4 ⊗ dx13 + y9 ⊗ dx9 + y13 ⊗ dx4
+y19 ⊗ dy3 + y21 ⊗ dy7 + y23 ⊗ dy10
c−2 = x4 ⊗ dx13 + x8 ⊗ dx14 + x11 ⊗ dx17 + x15 ⊗ dx20 + y5 ⊗ dx5 + y13 ⊗ dy4
+y14 ⊗ dy8 + y17 ⊗ dy11 + y20 ⊗ dy15
For a basis of H2(g) we can take the following cocycles:
deg = −16 : dx24 ∧ dx24,
deg = −14 : dx22 ∧ dx22, dx23 ∧ dx23,
deg = −12 : dx20 ∧ dx20, dx21 ∧ dx21,
deg = −10 : dx17 ∧ dx17,
deg = −8 : dx15 ∧ dx15,
deg = −6 : dx10 ∧ dx10, dx11 ∧ dx11,
deg = −4 : dx7 ∧ dx7, dx6 ∧ dx6,
deg = −2 : dx2 ∧ dx2.
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2.5.1d. Lemma. For g = oo
(1)
IΠ(9|2) with the following Cartan matrix and basis
(22)


0 1 0 0 0
1 0¯ 1 0 0
0 1 0¯ 1 0
0 0 1 0¯ 1
0 0 0 1 1¯


x1, x2, x3, x4, x5,
x6 = [x1, x2], x7 = [x2, x3], x8 = [x3, x4], x9 = [x4, x5],
x10 = [x3, [x1, x2]], x11 = [x4, [x2, x3]], x12 = [x5, [x3, x4]],
x13 = [x5, [x4, x5]],
x14 = [x5, [x5, [x3, x4]]], x15 = [[x1, x2], [x3, x4]], x16 = [[x2, x3], [x4, x5]],
x17 = [[x2, x3], [x5, [x4, x5]]], x18 = [[x4, x5], [x3, [x1, x2]]],
x19 = [[x4, x5], [x5, [x3, x4]]],
x20 = [[x3, [x1, x2]], [x5, [x4, x5]]], x21 = [[x4, [x2, x3]], [x5, [x4, x5]]],
x22 = [[x5, [x3, x4]], [[x2, x3], [x4, x5]]],
x23 = [[x5, [x4, x5]], [[x1, x2], [x3, x4]]],
x24 = [[x5, [x5, [x3, x4]]], [[x1, x2], [x3, x4]]], x25 = [[x2, x3], [x4, x5]], [[x4, x5], [x3, [x1, x2]]]],
x26 = [[x4, x5], [x3, [x1, x2]]]2,
for a basis of H1(g; g) we can take the following derivations:
c−8 = y2dx22 + y7dx21 + y11dx17 + y16dx16 + y17dx11 + y21dx7 + y22dx2 + x1dx25 + y25dy1
c−6 = x2 ⊗ dx22 + x6 ⊗ dx24 + y3 ⊗ dx19 + y8 ⊗ dx14 + y12 ⊗ dx12 + y14 ⊗ dx8
+y19 ⊗ dx3 + y22 ⊗ dy2 + y24 ⊗ dy6
c−4 = x3 ⊗ dx19 + x7 ⊗ dx21 + x10 ⊗ dx23 + y4 ⊗ dx13 + y9 ⊗ dx9 + y13 ⊗ dx4
+y19 ⊗ dy3 + y21 ⊗ dy7 + y23 ⊗ dy10
c−2 = x4 ⊗ dx13 + x8 ⊗ dx14 + x11 ⊗ dx17 + x15 ⊗ dx20 + y5 ⊗ dx5 + y13 ⊗ dy4
+y14 ⊗ dy8 + y17 ⊗ dy11 + y20 ⊗ dy15
For a basis of H2(g) we can take the following cocycles:
deg = −18 : dx25 ∧ dx25,
deg = −16 : dx24 ∧ dx24,
deg = −14 : dx23 ∧ dx23,
deg = −12 : dx20 ∧ dx20,
deg = −8 : dx15 ∧ dx15,
deg = −6 : dx10 ∧ dx10,
deg = −4 : dx6 ∧ dx6,
deg = −2 : dx1 ∧ dx1.
2.5.1e. Lemma. For oo
(1)
IΠ(5|6) with the following Cartan matrix and basis
(23)


0¯ 1 0 0 0
1 0¯ 1 0 0
0 1 0 1 0
0 0 1 0¯ 1
0 0 0 1 1¯


x1, x2, x3, x4, x5,
x6 = [x1, x2], x7 = [x2, x3], x8 = [x3, x4], x9 = [x4, x5],
x10 = [x3, [x1, x2]], x11 = [x4, [x2, x3]], x12 = [x5, [x3, x4]],
x13 = [x5, [x4, x5]],
x14 = [x5, [x5, [x3, x4]]], x15 = [[x1, x2], [x3, x4]], x16 = [[x2, x3], [x4, x5]],
x17 = [[x2, x3], [x5, [x4, x5]]], x18 = [[x4, x5], [x3, [x1, x2]]],
x19 = [[x4, x5], [x5, [x3, x4]]],
x20 = [[x3, [x1, x2]], [x5, [x4, x5]]], x21 = [[x4, [x2, x3]], [x5, [x4, x5]]],
x22 = [[x5, [x3, x4]]2
x23 = [[x5, [x3, x4]], [[x2, x3], [x4, x5]]],
x24 = [[x5, [x4, x5]], [[x1, x2], [x3, x4]]], x25 = [[x5, [x5, [x3, x4]]], [[x1, x2], [x3, x4]]]
x26 = [[x2, x3], [x4, x5]]2,
x27 = [[[x2, x3], [x4, x5]], [[x4, x5], [x3, [x1, x2]]]]
x28 = [[x4, x5], [x3, [x1, x2]]]2
for a basis of H1(g; g) we can take the following derivations:
c−4 = x3 ⊗ dx19 + x7 ⊗ dx21 + x10 ⊗ dx24 + y4 ⊗ dx13 + y9 ⊗ dx9 + y13 ⊗ dx4
+y19 ⊗ dy3 + y21 ⊗ dy7 + y24 ⊗ dy10
c−2 = x4 ⊗ dx13 + x8 ⊗ dx14 + x11 ⊗ dx17 + x15 ⊗ dx20 + y5 ⊗ dx5 + y13 ⊗ dy4
+y14 ⊗ dy8 + y17 ⊗ dy11 + y20 ⊗ dy15
For a basis of H2(g) we can take the following cocycles:
deg = −14 : dx24 ∧ dx24,
deg = −12 : dx20 ∧ dx20, dx21 ∧ dx21,
deg = −10 : dx17 ∧ dx17, dx19 ∧ dx19,
deg = −8 : dx15 ∧ dx15, dx14 ∧ dx14,
deg = −6 : dx10 ∧ dx10, dx11 ∧ dx11,
deg = −4 : dx7 ∧ dx7, dx8 ∧ dx8,
deg = −2 : dx3 ∧ dx3.
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2.5.1f. Lemma. For oo
(1)
IΠ(3|8) with the following Cartan matrix and basis
(24)


0¯ 1 0 0 0
1 0¯ 1 0 0
0 1 0¯ 1 0
0 0 1 0 1
0 0 0 1 1¯


x1, x2, x3, x4, x5,
x6 = [x1, x2], x7 = [x2, x3], x8 = [x3, x4], x9 = [x4, x5],
x10 = [x3, [x1, x2]], x11 = [x4, [x2, x3]], x12 = [x5, [x3, x4]],
x13 = [x5, [x4, x5]],
x14 = [x5, [x5, [x3, x4]]], x15 = [[x1, x2], [x3, x4]], x16 = [[x2, x3], [x4, x5]],
x17 = [x4, x5]2, x18 = [[x2, x3], [x5, [x4, x5]]],
x19 = [[x4, x5], [x3, [x1, x2]]],
x20 = [[[x4, x5], [x5, [x3, x4]]], x21 = [[x3, [x1, x2]], [x5, [x4, x5]]],
x22 = [[x4, [x2, x3]], [x5, [x4, x5]]]
x23 = [[x5, [x3, x4]]2,
x24 = [[x5, [x3, x4]], [[x2, x3], [x4, x5]]], x25 = [[x5, [x4, x5]], [[x1, x2], [x3, x4]]],
x26 = [[x5, [x5, [x3, x4]]], [[x1, x2], [x3, x4]]],
x27 = [[x2, x3], [x4, x5]]2,
x28 = [[[x2, x3], [x4, x5]], [[x4, x5], [x3, [x1, x2]]]]
for a basis of H1(g; g) we can take the following derivations:
c−2 = x4 ⊗ dx13 + x8 ⊗ dx14 + x11 ⊗ dx18 + x15 ⊗ dx21 + y5 ⊗ dx5 + y13 ⊗ dy4
+y14 ⊗ dy8 + y17 ⊗ dy11 + y21 ⊗ dy15
For a basis of H2(g) we can take the following cocycles:
deg = −12 : dx21 ∧ dx21,
deg = −10 : dx18 ∧ dx18,
deg = −8 : dx15 ∧ dx15, dx14 ∧ dx14,
deg = −6 : dx11 ∧ dx11, dx13 ∧ dx13,
deg = −4 : dx8 ∧ dx8,
deg = −2 : dx4 ∧ dx4.
2.5.2. p = 3.
2.5.2a. Lemma. (a) For g = gl(6), and gl(3|3), for a basis of H1(g; g) we can take the
following derivation:
c0 = 2 h1 ⊗ dh6 + h2 ⊗ dh6 + 2 h4 ⊗ dh6 + h5 ⊗ dh6,
where h6 is the outer derivation; same situation as for gl(3) for p = 3, see Lemma 2.2.2a a).
We have H2(g) = 0.
(b) For g = psl(6), we have dimH1(g; g) = 1 the outer derivation turns psl(6) into pgl(6).
We have: H2(g) is spanned by the following cocycle:
c0 = dx3 ∧ dy3 − dx4 ∧ dy4 − dx7 ∧ dy7 + dx9 ∧ dy9 + dx10 ∧ dy10
(c) For g = psl(3|3), we have dimH1(g; g) = 1 the outer derivation turns psl(3|3) into
pgl(3|3).
For the parities of Chevalley generators distributed as (0, 0, 1, 0, 0), we have: H2(g) is
spanned by the following cocycle:
c0 = dx2 ∧ dy2 − dx1 ∧ dy1 − dx7 ∧ dy7 + dx11 ∧ dy11 − dx14 ∧ dy14
2.5.2b. Lemma. For g = o(10), sp(10), o(11); osp(1|10), osp(2|8), osp(6|4), osp(3|8),
osp(4|6), osp(5|6), osp(7|4), osp(8|2), sp(9|2), gl(4|2) and gl(1|5) we have H1(g; g) = 0.
2.5.2c. Lemma. (a) For g = g(8, 3), and el(5; 3), we have H1(g; g) = 0.
(b) For g = g(2, 6) with Cartan matrix and basis


2 −1 0 0 0
−1 2 −1 0 0
0 −1 2 −1 −1
0 0 −1 2 0
0 0 1 0 0


x1, x2, x3, x4, x5,
x6 = [x1, x2], x7 = [x2, x3], x8 = [x3, x4], x9 = [x3, x5],
x10 = [x3, [x1, x2]], x11 = [x4, [x2, x3]], x12 = [x5, [x2, x3]], x13 = [x5, [x3, x4]],
x14 = [x5, [x4, [x2, x3]]], x15 = [[x1, x2], [x3, x4]], x16 = [[x1, x2], [x3, x5]],
x17 = [[x1, x2], [x5, [x3, x4]]], x18 = [[x3, x5], [x4, [x2, x3]]],
x19 = [[x3, [x1, x2]], [x5, [x3, x4]]], x20 = [[x5, [x2, x3]], [x5, [x3, x4]]],
x21 = [[x5, [x2, x3]], [[x1, x2], [x3, x4]]], [x22 = [[x5, [x3, x4]], [[x1, x2], [x3, x5]]],
x23 = [[x5, [x4, [x2, x3]]], [[x1, x2], [x3, x5]]],
x24 = [[[x1, x2], [x3, x5]], [[x3, x5], [x4, [x2, x3]]]],
x25 = [[[x1, x2], [x5, [x3, x4]]], [[x3, x5], [x4, [x2, x3]]]]
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and grading operator h6 = (1, 0, 0, 0, 0), for a basis of H
1(g; g) we can take the derivation
c0 = 2 h1 ⊗ dh6 + h2 ⊗ dh6 + h5 ⊗ dh6.
We have H2(g) = 0.
For g(2, 6)(1)/c, for a basis of H1(g; g) we can take the following derivation
c0 = 2 x4 ⊗ dx4 + 2 x5 ⊗ dx5 + 2 x8 ⊗ dx8 + 2 x9 ⊗ dx9 + 2 x11 ⊗ dx11 + 2 x12 ⊗ dx12 + 2 x15 ⊗ dx15+
2 x16 ⊗ dx16 + x20 ⊗ dx20 + x22 ⊗ dx22 + x23 ⊗ dx23 + x24 ⊗ dx24 + y4 ⊗ dy4 + y5 ⊗ dy5 + y8 ⊗ dy8+
y9 ⊗ dy9 + y11 ⊗ dy11 + y12 ⊗ dy12 + y15 ⊗ dy15 + y16 ⊗ dy16 + 2 y20 ⊗ dy20+
2 y22 ⊗ dy22 + 2 y23 ⊗ dy23 + 2 y24 ⊗ dy24.
We have: H2(g) is spanned by the following cocycle:
c0 = dx1 ∧ dy1 − dx5 ∧ dy5 − dx6 ∧ dy6 + dx9 ∧ dy9 + dx10 ∧ dy10 − dx12 ∧ dy12 − dx13 ∧ dy13+
dx14 ∧ dy14 − dx15 ∧ dy15 − dx16 ∧ dy16 + dx17 ∧ dy17 − dx18 ∧ dy18 − dx19 ∧ dy19 + dx20 ∧ dy20 + dx21 ∧ dy21.
2.5.3. p = 5.
2.5.3a. Lemma. (a) For g = gl(6); gl(4|2), and gl(3|3), for a basis of H1(g; g) we can take
the following derivation:
c0 = 4 h1 ⊗ dh6 + 3 h2 ⊗ dh6 + 2 h3 ⊗ dh6 + 2 h4 ⊗ dh6 + h5 ⊗ dh6,
where h6 is the outer derivation; same situation as for gl(3) for p = 3, see Lemma 2.2.2a a).
We have H2(g) = 0.
(b) For g = psl(3|3) and psl(6), we have dimH1(g; g) = 1 the outer derivation turns psl
into pgl.
We have: H2(g) looks the same as for p = 3.
2.5.3b. Lemma. For g = o(10), sp(10), o(11); osp(1|10), osp(2|8), osp(6|4), osp(3|8),
osp(4|6), osp(5|6), osp(7|4), osp(8|2), osp(9|2), gl(4|2), gl(1|5), and g = el(5; 5), we have
H1(g; g) = 0.
2.6. Rank 6 (sl(7) for p 6= 7 and gl(7) for p = 7; sp(12), o(12), o(13) and e(6) for
p > 3; e(1)(6)/c; g(4, 6) and g(6, 6) for p = 3; e(6) and e(6, 1) e(6, 6) for p = 2).
2.6.1. p = 2.
2.6.1a. Lemma. For g = e(6; 1), e(6, 6), we have H1(g; g) = 0.
2.6.2. p = 3.
2.6.2a. Lemma. For g = e(6), we have H1(g; g) spanned by
2h1dh7 + h2dh7 + 2h4dh7 + h5dh7.
We have H2(g) = 0.
For g = e(1)(6)/c, we have dim(H1(g; g)) = 1, and der g = e(6)/c.
We have: H2(g) is spanned by the following cocycle:
c0 = dx5 ∧ dy5 − dx1 ∧ dy1 + dx7 ∧ dy7 − dx11 ∧ dy11 − dx12 ∧ dy12 + dx14 ∧ dy14 + dx18 ∧ dy18 + dx19 ∧ dy19−
dx20 ∧ dy20 − dx21 ∧ dy21 − dx22 ∧ dy22 + dx25 ∧ dy25 + dx27 ∧ dy27 − dx28 ∧ dy28 − dx30 ∧ dy30 + dx31 ∧ dy31.
2.6.2b. Lemma. For o(2n+1), o(2n), sp(2n) (and for p > 2), and for g = g(4; 8), g(6; 6),
we have H1(g; g) = 0.
2.7. Rank 7 (sl(8) and gl(8) for p = 2; sp(14), o(14), o(15) and e(7) for p > 2;
e(1)(7)/c and e(1)(7, 1)/c, e(1)(7, 6)/c, e(1)(7, 7)/c for p = 2 g(8, 6) for p = 3).
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2.7.1. p = 2.
2.7.1a. Lemma. Let the Chevalley basis of g = e(7, i), where i = 1, 6 or 7, differ from that
of of g = e(7) in that p(xi) = p(yi) = 1¯.
(a) For g = e(7, i), where i = 1, 6 or 7, for a basis of H1(g; g) we can take the derivation:
c0 = h1 ⊗ dh8 + h3 ⊗ dh8 + h7 ⊗ dh8.
For e(7, 1), for a basis of H2(g) we can take the following cocycles:
deg = −34 : dx63 ∧ dx63,
deg = −32 : dx62 ∧ dx62,
deg = −30 : dx61 ∧ dx61,
deg = −28 : dx60 ∧ dx60,
deg = −26 : dx58 ∧ dx58,
dx59 ∧ dx59,
deg = −24 : dx56 ∧ dx56,
dx57 ∧ dx57,
deg = −22 : dx54 ∧ dx54, dx53 ∧ dx53,
deg = −20 : dx51 ∧ dx51, dx50 ∧ dx50,
deg = −18 : dx46 ∧ dx46,
dx48 ∧ dx48, dx49 ∧ dx49,
deg = −16 : dx42 ∧ dx42,
dx43 ∧ dx43,
deg = −14 : dx40 ∧ dx40,
dx37 ∧ dx37,
deg = −12 : dx34 ∧ dx34,
dx33 ∧ dx33,
deg = −10 : dx27 ∧ dx27,
dx28 ∧ dx28,
deg = −8 : dx21 ∧ dx21,
deg = −6 : dx14 ∧ dx14,
deg = −4 : dx8 ∧ dx8,
deg = −2 : dx1 ∧ dx1.
For e(7, 6), for a basis of H2(g) we can take the following cocycles:
deg = −24 : dx57 ∧ dx57,
deg = −22 : dx53 ∧ dx53,
dx55 ∧ dx55,
deg = −20 : dx50 ∧ dx50,
dx52 ∧ dx52,
deg = −18 : dx48 ∧ dx48,
dx47 ∧ dx47,
dx49 ∧ dx49,
deg = −16 : dx42 ∧ dx42,
dx45 ∧ dx45,
dx43 ∧ dx43,
dx44 ∧ dx44,
deg = −14 : dx39 ∧ dx39,
dx40 ∧ dx40,
dx37 ∧ dx37,
dx38 ∧ dx38,
deg = −12 : dx34 ∧ dx34,
dx33 ∧ dx33,
dx35 ∧ dx35,
dx32 ∧ dx32,
deg = −10 : dx27 ∧ dx27,
dx28 ∧ dx28,
dx26 ∧ dx26,
dx30 ∧ dx30,
deg = −8 : dx21 ∧ dx21,
dx22 ∧ dx22,
dx23 ∧ dx23,
deg = −6 : dx14 ∧ dx14,
deg = −4 : dx9 ∧ dx9,
dx8 ∧ dx8,
deg = −2 : dx2 ∧ dx2.
For e(7, 7), for a basis of H2(g) we can take the following cocycles:
deg = −34 : dx63 ∧ dx63,
deg = −32 : dx62 ∧ dx62,
deg = −30 : dx61 ∧ dx61,
deg = −28 : dx60 ∧ dx60,
deg = −26 : dx58 ∧ dx58,
deg = −18 : dx49 ∧ dx49,
deg = −16 : dx44 ∧ dx44,
dx43 ∧ dx43,
deg = −14 : dx40 ∧ dx40,
dx37 ∧ dx37,
dx38 ∧ dx38,
dx41 ∧ dx41,
deg = −12 : dx34 ∧ dx34,
dx33 ∧ dx33,
dx35 ∧ dx35,
dx32 ∧ dx32,
dx36 ∧ dx36,
deg = −10 : dx27 ∧ dx27,
dx28 ∧ dx28,
dx26 ∧ dx26,
dx30 ∧ dx30,
dx29 ∧ dx29,
dx31 ∧ dx31,
deg = −8 : dx21 ∧ dx21,
dx22 ∧ dx22,
dx23 ∧ dx23,
dx20 ∧ dx20,
dx24 ∧ dx24,
deg = −6 : dx14 ∧ dx14,
dx15 ∧ dx15,
dx16 ∧ dx16,
dx18 ∧ dx18,
deg = −4 : dx9 ∧ dx9,
dx10 ∧ dx10,
deg = −2 : dx3 ∧ dx3.
(b) For g = e(1)(7, i)/c, where i = 1, 6 or 7, we have dimH1(g; g) = 1 and der g = e(7, i)/c.
For g = e(1)(7, i)/c, where i = 1, 6 or 7, we have: H2(g) is spanned by the same cocycles
as for e(7, i) and the cocycle
c0 = dx1 ∧ dy1 + dx3 ∧ dy3 + dx4 ∧ dy4 + dx7 ∧ dy7 + dx8 ∧ dy8 + dx9 ∧ dy9 + dx11 ∧ dy11 + dx17 ∧ dy17+
dx18 ∧ dy18 + dx20 ∧ dy20 + dx21 ∧ dy21 + dx23 ∧ dy23 + dx26 ∧ dy26 + dx27 ∧ dy27 + dx31 ∧ dy31+
dx32 ∧ dy32 + dx33 ∧ dy33 + dx39 ∧ dy39 + dx40 ∧ dy40 + dx43 ∧ dy43 + dx45 ∧ dy45 + dx47 ∧ dy47+
dx49 ∧ dy49 + dx53 ∧ dy53 + dx55 ∧ dy55 + dx56 ∧ dy56 + dx60 ∧ dy60.
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(c) Let Hs be the space of cocycles of degree s representing classes in H
1(g; g). For
oo(i, 2k)/c (and its super versions) for k > 4, we have
(25)
dimH0 = 3 for k odd,
dimH0 = 4 for k even,
dimH2s = 1 for −2k + 2 ≤ 2s < 0 and 0 < 2s ≤ 2k − 2,
H2s+1 = 0.
Let now Hs denote the space of cocycles of degree s representing classes in H
2(g). We
have the same distribution of dimensions as in (25).
2.7.2. p = 3.
2.7.2a. Lemma. For g = e(7), g(8; 8), we have H1(g; g) = 0.
2.8. Rank 8 (sl(9) and gl(9) for p = 3; sp(16), o(16), o(17) for p > 2; e(8) and
e(8, 1), e(8, 8)).
2.8.1. p ≥ 2.
2.8.1a. Lemma. For g = e(8), g = e(8; 1), e(8, 8), we have H1(g; g) = 0.
3. Simple symmetric Lie (super)algebras without Cartan matrix for p = 2
3.1. Shen’s analog of g(2) for p = 2. For a description of this Lie algebra, which we
call gs(2), in terms of a multiplication table, see [Shen1], as a CTS prolong it is described
in [BGLLS]. In [Bro], Brown described analogs of the Melikyan algebras in characteristic 2
as follows. Recall that for any vect(n;N)-O(n;N)-bimodule M with the vect(n;N)-action
ρ, we denote by Madiv a copy of M with the affine vect(nN)-action given by
(26)
ρa div(D)(µ) = ρ(D)(µ) + a div(D)(µ)
for any D ∈ vect(n;N), µ ∈M and a ∈ K.
As spaces, and Z/3-graded Lie algebras, let
(27) L(N) := g0¯ ⊕ g1¯ ⊕ g2¯ ≃ vect(2;N)⊕O(2;N)div ⊕O(2;N) .
The g0¯-action on the gi¯ is natural (adjoint, on volume forms and functions, respectively);
O(2;N) = K[u1, u2;N ] is the space of functions; O(2;N)div is the space of volume forms
with volume element v := vol(u) as the generator of rank 1 module over the algebra O(2;N)
of functions. The multiplication in L(N) is given, for any f, g ∈ O(2;N), by the following
formulas:
(28) [fv, gv] = 0; [fv, g] = fHg; [f, g] := Hf(g)v, where Hf =
∂f
∂u1
∂u2 +
∂f
∂u2
∂u1 .
Define a Z-grading of L(N) by setting
(29) deg ur∂i = 3|r| − 3, deg u
rv = 3|r| − 2, deg ur = 3|r| − 4.
Now, set me(5;N) := L(N)/L(N)−4. This algebra is not simple, because O(2;N)div has a
submodule of codimension 1; but me(1)(5;N) is simple.
In [Ei], the Lie algebra me(1)(5;N s), where N s = (1, . . . , 1), is denoted by Bro2(1, 1). This
algebra was discovered by Shen Guangyu, see [Shen1], and should be denoted somehow to
commemorate this, so notation gs(2) for this analog of g(2) (and Guangyu Shen in Western
order: first name, last name) seems most appropriate.
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The nonpositive components of me(1)(5;N) and gs(2) are the same; they are expressed in
terms of vector fields, where ∂i := ∂xi to distinguish from ∂ui ; we use both representations
in terms of x and u, whichever is more convenient:
(30)
gi the generators
g−3 ∂u1 ←→ ∂1, ∂u2 ←→ ∂2
g−2 v ←→ ∂3
g−1 u1 ←→ (x3 + x4 x5)∂2 + ∂4, u2 ←→ x3∂1 + x4∂3 + ∂5
g0 u1∂1 ←→ x1∂1 + x3∂3 + x4∂4,
X+1 := u1∂u2 := x
(3)
5 ∂1 + (x1 + x4x
(2)
5 )∂2 + x
(2)
5 ∂3 + x5∂4
X−1 := u2∂u1 := (x2 + x
(2)
4 x5)∂1 + x
(3)
4 ∂2 ++x
(2)
4 ∂3 + x4∂5
u2∂u2 ←→ x2∂2 + x3∂3 + x5∂5
The highest weight vector in g−1 is X
−
2 := u1. Consider the positive part of g = gs(2). The
lowest weight vector in g1 is given by the vector field
X+2 := x
(3)
4 x5∂2 + (x2 + x
(2)
4 x5)∂3 + x4 x5∂5 (= u2v).
So far, the generators and the dimensions of the components look as their namesakes of g(2)
for p > 3; however, the relations are different: To facilitate comparison with presentations
in terms of Chevalley generators, set Hi := [X
+
i , X
−
i ], i.e.,
(31)
H1 = x1∂1 + x2∂2 + x4∂4 + x5∂5 (= u1∂1 + u2∂2)
H2 = x2∂2 + x3∂3 + x5∂5 (= u2∂2).
Clearly, H1 is the central element of g0. It takes less space to designate certain invariants of
the algebra gs(2) in terms of the indeterminates u, as in (27); e.g., the cocycles in Lemma
3.1.1; for the grading element of g0 we can take u2∂u2 , see [BGL1].
3.1.1. Lemma. 1) The multiplication table is as follows:
(32)
[H1, X
+
1 ] = 0, [H2, X
+
1 ] = X
+
1 , [H1, H2] = 0,
[H1, X
+
2 ] = X
+
2 , [H2, X
+
2 ] = 0, [X
−
1 , X
−
2 ] = u2,
[H1, X
−
1 ] = 0, [H2, X
−
1 ] = X
−
1 , [X
+
1 , X
+
2 ] = u1v,
[H1, X
−
2 ] = X
−
2 , [H2, X
−
2 ] = 0, [X
±
1 , X
∓
2 ] = 0.
The defining relations between the positive and negative root vectors corresponding to simple
roots are as follows:
(33)
ad2
X+1
(X+2 ) = 0, ad
2
X+2
(X+1 ) = 0;
ad4
X−2
(X−1 ) = 0, ad
2
X−1
(ad3
X−2
(X−1 )) = 0,
adX−2 adX
−
1
(ad3
X−2
(X−1 )) = 0, ad
2
X−1
(X−2 ) = 0.
2) Outer derivations. For a basis of the space H1(g; g) we take the following derivations:
(34)
c−4 = ∂u1 ⊗ d(u2v) + ∂u2 ⊗ d(u1v) + v ⊗ d(u1u2) + u1 ⊗ d(u1u2∂u2 ) + u2 ⊗ d(u1u2∂u1),
c1−2 = ∂u2 ⊗ d(u2) + v ⊗ d(u2∂u1) + u1v ⊗ d(u1u2∂u1) + u1∂u2 ⊗ d(u1u2),
c2−2 = ∂u1 ⊗ d(u1) + v ⊗ d(u1∂u2) + u2v ⊗ d(u1u2∂u2) + u2∂u1 ⊗ d(u1u2),
c12 = u2 ⊗ d(∂u2 ) + u2v ⊗ d(u1) + u2∂u1 ⊗ d(v) + u1u2 ⊗ d(u1∂u2 ) + u1u2∂u1 ⊗ d(u1v),
c22 = u1 ⊗ d(∂u1 ) + u1v ⊗ d(u2) + u1∂u2 ⊗ d(v) + u1u2 ⊗ d(u2∂u1 ) + u1u2∂u2 ⊗ d(u2v),
c4 = u2v ⊗ d(∂u1 ) + u1v ⊗ d(∂u2 ) + u1u2∂u2 ⊗ d(u1) + u1u2∂u1 ⊗ d(u2).
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3) Central extensions. For a basis of the space H2(g) we take the following cocycles:
(35)
c1−2 = d(u2) ∧ d(u1u2∂u1) + d(u2∂u1) ∧ d(u1u2),
c2−2 = d(u1) ∧ d(u1u2∂u2) + d(u1∂u2) ∧ d(u1u2),
c4 = d(∂u1) ∧ d(u1) + d(∂u2) ∧ d(u2).
3.2. Symmetric queerifications. For notation and further details, see [BLLSq].
3.2.1. Lemma. For g = q˜(wk(1)(3; a)/c), or a basis of H1(g; g) we can take the following
derivations for a 6= 0, 1 (for exceptional values of a the algebra wk(1)(3; a)/c is not simple).
If a = 1 the cohomology is the same, but if a = 0 the cohomology is 6-dimensional.
c10 = h1 ⊗ d(Π(h1)) + h2 ⊗ d(Π(h2)) + x1 ⊗ d(Π(x1)) + x5 ⊗ d(Π(x5)) + x6 ⊗ d(Π(x6)) + y1 ⊗ d(Π(y1))+
y5 ⊗ d(Π(y5)) + y6 ⊗ d(Π(y6)) + Π(x2)⊗ dx2 +Π(x3) ⊗ dx3 +Π(x4)⊗ d(x4) + Π(x7)⊗ dx7+
Π(y2)⊗ dy2 +Π(y3)⊗ dy3 +Π(y4)⊗ dy4 +Π(y7)⊗ d(y7)
c20 = x3 ⊗ dx3 + x5 ⊗ x5 + x6 ⊗ dx6 + x7 ⊗ dx7 + y3 ⊗ dy3 + y5 ⊗ dy5 + y6 ⊗ dy6 + y7 ⊗ d(y7)+
Π(h1) ⊗ d(Π(h1)) + Π(h2)⊗ d(Π(h2)) + Π(x1)⊗ d(Π(x1)) + Π(x2)⊗ d(Π(x2)) + Π(x4)⊗ d(Π(x4))+
Π(y1)⊗ d(Π(y1)) + Π(y2)⊗ d(Π(y2)) + Π(y4)⊗ d(Π(y4))
c30 = h1 ⊗ d(Π(h1)) + h2 ⊗ d(Π(h2)) + x1 ⊗ d(Π(x1)) + x2 ⊗ d(Π(x2)) + x3 ⊗ d(Π(x3)) + x4 ⊗ d(Π(x4))+
x5 ⊗ d(Π(x5)) + x6 ⊗ d(Π(x6)) + x7 ⊗ d(Π(x7)) + y1 ⊗ d(Π(y1)) + y2 ⊗ d(Π(y2)) + y3 ⊗ d(Π(y3))+
y4 ⊗ d(Π(y4)) + y5 ⊗ d(Π(y5)) + y6 ⊗ d(Π(y6)) + y7 ⊗ d(Π(y7))
We have: H2(g) is spanned by the following cocycles:
deg = −8 : d(Π(x7)) ∧ d(Π(x7)),
deg = −6 : d(Π(x6)) ∧ d(Π(x6)),
deg = −4 : d(Π(x4)) ∧ d(Π(x4)),
d(Π(x5)) ∧ d(Π(x5)),
deg = −2 : d(Π(x1)) ∧ d(Π(x1)),
d(Π(x2)) ∧ d(Π(x2)),
d(Π(x3)) ∧ d(Π(x3)),
deg = 0 :
(
α2 + α
)
d (x7) ∧ d (Πy7) +
(
α2 + α
)
d (y7) ∧ d (Πx7) + αd (x5) ∧ d (Πy5) + αd (y5) ∧ d (Πx5)+
d (x1) ∧ d (Πy1) + d (x2) ∧ d (Πy2) + d (y1) ∧ d (Πx1) + d (y2) ∧ d (Πx2) ,
α2d (Πh2) ∧ d (Πh1) +
(
α2 + α
)
d (Πx7) ∧ d (Πy7) + αd (Πx6) ∧ d (Πy6) + αd (x5) ∧ d (y5)+
d (Πx2) ∧ d (Πy2) + d (x1) ∧ d (y1) + d (x3) ∧ d (y3) + d (x4) ∧ d (y4) ,
α2d (Πh2) ∧ d (Πh1) +
(
α2 + α
)
d (x7) ∧ d (y7) + αd (Πx5) ∧ d (Πy5) + αd (Πx6) ∧ d (Πy6)+
d (Πx1) ∧ d (Πy1) + d (x2) ∧ d (y2) + d (x3) ∧ d (y3) + d (x4) ∧ d (y4) ,
c = d(Π(h1)) ∧ d(Π(h1)).
3.2.2. Lemma. For g = q(wk(4; a)) for the following Cartan matrix and basis of wk(4; a)
(36)


0 a 1 0
a 0 0 0
1 0 0 1
0 0 1 0


x1, x2, x3, x4,
x5 = [x1, x2], x6 = [x1, x3], x7 = [x3, x4],
x8 = [x3, [x1, x2]], x9 = [x4, [x1, x3]],
x10 = [[x1, x2], [x1, x3]], x11 = [[x1, x2], [x3, x4]],
x12 = [[x1, x2], [x4, [x1, x3]]],
x13 = [[x3, [x1, x2]], [x4, [x1, x3]]],
x14 = [[x4, [x1, x3]], [[x1, x2], [x1, x3]]],
x15 = [[[x1, x2], [x1, x3]], [[x1, x2], [x3, x4]]]
for a basis of H1(g; g) we can take the following derivations:
c10 = h1 ⊗ d(Π(y1)) + h2 ⊗ d(Π(h2)) + h3 ⊗ d(Π(h3) + h4 ⊗ d(Π(h4)) + x1 ⊗ d(Π(x1)) + x2 ⊗ d(Π(x2))+
x3 ⊗ d(Π(x3)) + x4 ⊗ d(Π(x4)) + x5 ⊗ d(Π(x5)) + x6 ⊗ d(Π(x6)) + x7 ⊗ d(Π(x7)) + x8 ⊗ d(Π(x8))+
x9 ⊗ d(Π(x9)) + x10 ⊗ d(Π(x10)) + x11 ⊗ d(Π(x11)) + x12 ⊗ d(Π(x12)) + x13 ⊗ d(Π(x13))+
x14 ⊗ d(Π(x14)) + x15 ⊗ d(Π(x15) + y1 ⊗ d(Π(y1)) + y2 ⊗ d(Π(y2)) + y3 ⊗ d(Π(y3)) + y4 ⊗ d(Π(y4))+
y5 ⊗ d(Π(y5)) + y6 ⊗ d(Π(y6)) + y7 ⊗ d(Π(y7)) + y8 ⊗ d(Π(y8)) + y9 ⊗ d(Π(y9)) + y10 ⊗ d(Π(y10))+
y11 ⊗ d(Π(y11)) + y12 ⊗ d(Π(y12)) + y13 ⊗ d(Π(y13)) + y14 ⊗ d(Π(y14)) + y15 ⊗ d(Π(y15))
c20 = x4 ⊗ dx4 + x7 ⊗ dx7 + x9 ⊗ dx9 + x11 ⊗ dx11 + x12 ⊗ dx12 + x13 ⊗ dx13 + x14 ⊗ dx14 + x15 ⊗ dx15+
y4 ⊗ dy4 + y7 ⊗ dy7 + y9 ⊗ dy9 + y11 ⊗ dy11 + y12 ⊗ dy12 + y13 ⊗ dy13 + y14 ⊗ dy14 + y15 ⊗ dy15+
Π(h1)⊗ d(Π(h1)) + Π(h2)⊗ d(Π(h2)) + Π(h3)⊗ d(Π(h3) + Π(h4)⊗ d(Π(h4)) + Π(x1)⊗ d(Π(x1))+
Π(x2)⊗ d(Π(x2)) + Π(x3)⊗ d(Π(x3)) + Π(x5)⊗ d(Π(x5)) + Π(x6) ⊗ d(Π(x6)) + Π(x8)⊗ d(Π(x8))+
Π(x10)⊗ d(Π(x10)) + Π(y1)⊗ d(Π(y1)) + Π(y2)⊗ d(Π(y2)) + Π(y3)⊗ d(Π(y3)) + Π(y5)⊗ d(Π(y5))+
Π(y6)⊗ d(Π(y6)) + Π(y8)⊗ d(Π(y8)) + Π(y10)⊗ d(Π(y10)).
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We have: H2(g) is spanned by the following cocycles:
deg = −16 : d(Π(x15)) ∧ d(Π(x15)),
deg = −14 : d(Π(x14)) ∧ d(Π(x14)),
deg = −12 : d(Π(x13)) ∧ d(Π(x13)),
deg = −10 : d(Π(x12)) ∧ d(Π(x12)),
deg = −8 : d(Π(x10)) ∧ d(Π(x10)),
d(Π(x11)) ∧ d(Π(x11)),
deg = −6 : d(Π(x8)) ∧ d(Π(x8)),
d(Π(x9)) ∧ d(Π(x9)),
deg = −4 : d(Π(x5)) ∧ d(Π(x5)),
d(Π(x6)) ∧ d(Π(x6)),
d(Π(x7)) ∧ d(Π(x7)),
deg = −2 : d(Π(x1)) ∧ d(Π(x1)),
d(Π(x2)) ∧ d(Π(x2)),
d(Π(x3)) ∧ d(Π(x3)),
d(Π(x4)) ∧ d(Π(x4)),
deg = 0 : c = dx2 ∧ dy2 + dx3 ∧ dy3 + αdx5 ∧ dy5 + dx6 ∧ dy6 + dx7 ∧ dy7 + dx9 ∧ dy9+
+(α2 + α) dx13 ∧ dy13 + (α3 + α2) dx14 ∧ dy14 + αdΠ h1 ∧ dΠ h2 + dΠ h1 ∧ dΠ h3+
dΠ h3 ∧ dΠ h4 + dΠ x1 ∧ dΠ y1 + dΠ x4 ∧ dΠ y4 + αdΠ x8 ∧ dΠ y8 + (α2 + α) dΠ x10 ∧ dΠ y10
+αdΠ x11 ∧ dΠ y11 + (α2 + α) dΠ x12 ∧ dΠ y12 + (α4 + α3) dΠ x15 ∧ dΠ y15,
c = dx2 ∧ dy2 + dx4 ∧ dy4 + αdx5 ∧ dy5 + dx7 ∧ dy7 + αdx8 ∧ dy8 + dx9 ∧ dy9 + α2 + α dx10 ∧ dy10+
(α4 + α3) dx15 ∧ dy15 + αdΠ h1 ∧ dΠ h2 + dΠ h1 ∧ dΠ h3 + dΠ h3 ∧ dΠ h4 + dΠ x1 ∧ dΠ y1+
dΠ x3 ∧ dΠ y3 + dΠ x6 ∧ dΠ y6 + αdΠ x11 ∧ dΠ y11 + (α2 + α) dΠ x12 ∧ dΠ y12+
(α2 + α) dΠ x13 ∧ dΠ y13 + (α3 + α2) dΠ x14 ∧ dΠ y14,
dx1 ∧ dy1 + dx3 ∧ dy3 + αdx5 ∧ dy5 + dx7 ∧ dy7 + (α2 + α) dx10 ∧ dy10 + (α2 + α) dx12 ∧ dy12
+(α3 + α2) dx14 ∧ dy14 + (α4 + α3) dx15 ∧ dy15 + dΠ x1 ∧ dΠ y1 + dΠ x3 ∧ dΠ y3
+αdΠ x5 ∧ dΠ y5 + dΠ x7 ∧ dΠ y7 + (α2 + α) dΠ x10 ∧ dΠ y10 + (α2 + α) dΠ x12 ∧ dΠ y12
+(α3 + α2) dΠ x14 ∧ dΠ y14 + (α4 + α3) dΠ x15 ∧ dΠ y15,
d(Π(h1)) ∧ d(Π(h1)).
3.3. Simple orthogonal algebras of type oI. Let Xi,j := E
i,j + Ej,i.
3.3.1. Lemma. For g = o
(1)
I (n), where n > 4 or n = 3, for a basis of H
1(g; g) we can take
the following n− 1 derivations of degree 0 and the following form:
X1,2 ⊗ dX1,2 +X1,3 ⊗ dX1,3 + · · ·+X1,n ⊗ dX1,n,
X1,2 ⊗ dX1,2 +X2,3 ⊗ dX2,3 + · · ·+X2,n ⊗ dX2,n,
X1,3 ⊗ dX1,3 +X2,3 ⊗ dX2,3 + · · ·+X3,n ⊗ dX3,n,
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
X1,n−1 ⊗ dX1,n−1 +X2,n−1 ⊗ dX2,n−1 + · · ·+Xn−1,n ⊗ dXn−1,n.
We have H2(g) = 0.
3.3.1a. Lemma. For5 g = o
(1)
I (4), for a basis of H
1(g; g) we can take the following deriva-
tions of degree 0:
regular cases as for any n


X1,2 ⊗ dX1,2 +X1,3 ⊗ dX1,3 +X1,4 ⊗ dX1,4,
X1,2 ⊗ dX1,2 +X2,3 ⊗ dX2,3 +X2,4 ⊗ dX2,4,
X1,3 ⊗ dX1,3 +X2,3 ⊗ dX2,3 +X3,4 ⊗ dX3,4;
exceptional cases


X1,2 ⊗ dX3,4 +X1,3 ⊗ dX2,4 +X2,3 ⊗ dX1,4,
X1,2 ⊗ dX3,4 +X1,4 ⊗ dX2,3 +X2,4 ⊗ dX1,3,
X1,3 ⊗ dX2,4 +X1,4 ⊗ dX2,3 +X3,4 ⊗ dX1,2.
We have H2(g) is spanned by two cocycles given by
d(X1,2) ∧ d(X3,4)) + d(X1,3) ∧ d(X2,4))
d(X1,2) ∧ d(X3,4)) + d(X1,4) ∧ d(X2,3))
5Observe that the Lie algebra o
(1)
I (4) is not simple; we consider it for completeness of the picture.
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4. Results for periplectic Lie superalgebras and their desuperizations
Hereafter diag(A,B) :=
(
A 0
0 B
)
; antidiag(A,B) :=
(
0 A
B 0
)
; the notation Ei,jn desig-
nates an n×n matrix unit; di = antidiag(E
i,i
n , 0n); d1,1 = diag(E
1,1
n , E
1,1
n ); Dn = diag(0n, 1n).
4.1. The Lie superalgebras preserving supersymmetric odd bilinear forms for
p > 2. The normal shape of the periplectic (odd supersymmetric nondegenerate) bilinear
form has the Gram matrix J2n = antidiag(1n,−1n), that of superantisymmetric form is
Πn|n = antidiag(1n, 1n) (sic: signs are correct, see [Lsos]). With the following types of Lie
superalgebras series of “odd” analogs of Lie algebras of Hamiltonian and contact vector fields
and an exceptional vectorial Lie superalgebra are associated for p 6= 2; the case 3) becomes
much more involved for p = 2:
1) pe(n) := aut(J2n) ≃ aut(Πn|n): if the matrix of the bilinear form B is Π2n (resp.
Πn|n), then the Lie (super)algebra aut(B) preserving the bilinear form B consists of the
(super)matrices of the form
(37) aut(J2n) =
{
X =
(
A B
C At
)
|
B = Bt,
C = −Ct
}
, aut(Πn|n) = {X | X ∈ aut(J2n)}.
2) spe(n) := pe(n) ∩ sle(n|n), so pe(n) = spe(n)⋉KD, where D = diag(1n,−1n);
3) spea,b(n) := spe(n)⋉K(aD + b12n), where a, b ∈ K;
4) p(spe)(pn) := spe(pn)/c.
Over C, only for n = 4 does spe(n) have a nontrivial central extension (39) (discovered by
A. Sergeev); with its spinor representation a simple exceptional infinite-dimensional vectorial
Lie superalgebra is associated, see [LSh]. Over K for p = 2, there are about 10 analogs of
spe(n), see Table (42), and lots of their nontrivial central extensions found in this section.
4.1.1. Lemma. For p > 2 and n > 2, we have H2(pe(n)) = 0.
For any p > 3, we have H2(spe(n)) = 0 for n > 4 and n = 3 whereas for a basis of
H2(spe(3)) we can take the following three cocycles
(38)
c10 = d(E
2,3 −E6,5) ∧ d(E1,3 − E6,4) + d(E1,5 −E2,4) ∧ d(E6,3),
c20 = d(E
2,3 −E5,6) ∧ d(E1,2 − E5,4) + d(E1,6 −E3,4) ∧ d(E5,2),
c30 = 2d(E
2,1 −E4,5) ∧ d(E3,1 − E4,6) + d(E2,6 − E3,5) ∧ d(E4,1).
For every p 6= 2, for a basis of H2(spe(4)) we can take the cocycle
(39) c−2 = d(E
1,6 − E2,5) ∧ d(E3,8 − E4,7)− d(E1,7 −E3,5) ∧ d(E2,8 − E4,6) + d(E1,8 −E4,5) ∧ d(E2,7 − E3,8).
4.1.2. Lemma. For p > 2, we have H1(pe(n); pe(n)) = 0. For a basis of H1(spe(n); spe(n))
we can take the outer derivation D = diag(1n,−1n) for any n > 2.
4.2. The Lie superalgebras preserving symmetric odd bilinear forms for p = 2 and
their desuperizations. For p = 2, the periplectic Lie (super)algebras accrue additional
elements: B and C are symmetric in both aut(J2n) and aut(Πn|n), see (37). Denote these
general Lie (super)algebras autgen(B); in particular, for B = Π2n (resp. Πn|n) we write
ogen(2n) (resp. pegen(n)).
Let
(40) ZD := the space of symmetric matrices with zeros on their main diagonals.
The derived Lie (super)algebra aut (1)(B) consists of the (super)matrices of the form (37),
where B,C ∈ ZD. In other words, these Lie (super)algebras resemble the orthogonal Lie
algebras. On these Lie (super)algebras aut (1)(B) the following (super)trace — we call it the
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half-trace — is defined:
(41) htr :
(
A B
C At
)
−→ trA.
The Lie sub(super)algebra of aut(1)(B) consisting of half-traceless supermatrices is isomorphic
to aut(2)(B).
Let the Lie superalgebra a˜ut(B) consist of (super)matrices of the form (37), where C ∈ ZD.
Clearly, aut(1)(B) ⊂ a˜ut(B) ⊂ aut(B). Denote this a˜ut(B) by op(2n) if B is even and pe(n) if
B is odd. (Obviously, there is an isomorphic version of a˜ut(B) in which B ∈ ZD.)
Set degAi,i+1 = − degAi+1,i = 1, and setting the degree of the LOWEST (resp. HIGH-
EST) weight vector in the gl(n)-module of matrices B (resp. C) in (37) be equal to 1 (resp.
−1). We have the following cases to consider:
(42)
1 ogen(2n) and pegen(n) (in (37) both B and C symmetric);
1a p(o)gen(2n) := ogen(2n)/K 12n and p(pe)gen(n) := pegen(n)/K 12n;
2 op(2n) and pe(n) (in (37) both B and C symmetric, but C ∈ ZD);
2a p(op)(2n) := ogen(2n)/K 12n and p(pe)(n) := pegen(n)/K 12n;
2b o(1)(2n) (in (37) both B ∈ ZD and C ∈ ZD);
2c p(o(1))(2n) := o(1)(2n)/K 12n;
3 sop(2n) and spe(n) (in (37) both B and C symmetric, but C ∈ ZD, and trA = 0);
3a p(sop)(2n) := sop(2n)/K 12n and p(spe)(n) := spe(n)/K 12n;
4 o(2)(2n) (both B ∈ ZD and C ∈ ZD, and trA = 0);
4a p(o(2))(2n) := o(2)(2n)/K 12n.
4.2.1. Lemma. For a basis of H2(ogen(2n)) we can take the following cocycles
(43)
c
i,j
−2 = d(E
n+i,i) ∧ d(En+j,j) for 1 ≤ i < j ≤ n
c
j
−1 = d(E
j,j +En+j,n+j) ∧ d(En+j,j) +
∑
i6=j
d(Ei,j +Ej+n,i+n) ∧ d(Ej+n,i + Ei+n,j) for 1 ≤ j ≤ n
c
i,j
0 = d(E
i,i+n) ∧ d(En+j,j) for 1 ≤ i, j ≤ n
except i = j = n.
4.2.2. Lemma. For a basis of H2(pegen(2n)) we can take the cocycles (43) (except the
cocycles cj−1 and symmetric to them c
j
1 that become trivial), and also the following cocycles:
(44)
ci−2 = d(E
n+i,i)∧
2
for 1 ≤ i ≤ n,
c˜i,j−2 = (d(E
n+i,j + En+j,i))∧
2
for 1 ≤ i < j ≤ n.
4.2.3. Lemma. For a basis of H2(ogen(2n)/K12n) we can take the following cocycles
(45)
deg = −2 : Cocycles as in (43)
deg = −1 : None
deg = 0 : Cocycles as in (43) and the cocycle d(En,2n) ∧ d(E2n,n)
4.2.4. Lemma. For a basis of H2(pegen(2n)/K12n) we can take the following cocycles
(46)
deg = −2 : Cocycles as in (44) and (43)
deg = −1 : None
deg = 0 : Cocycles as in (43) and the cocycle
for n 6= 4 : d(En,2n) ∧ d(E2n,n)
for n = 4 :
∑
i=2,3,4
d(E1,i + Ei+4,5) ∧ d(Ei,1 + E5,i+4) +
∑
i=6,7,8
d(E1,i + Ei−4,5) ∧ d(Ei,1 +E5,i−4).
4.2.5. Lemma. For g = ogen(2n) or pegen(2n), for a basis of H
1(g; g) we can take the
derivation Dn for any n > 2 and also the derivations
(47) c
j
−1 =
∑
1≤i≤n
Ei,i ⊗ d(En+j,j) for 1 ≤ j ≤ n
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4.2.6. Lemma. For g = ogen(2n)/K12n or pegen(2n)/K12n, for a basis of H
1(g; g) we can
take the derivation Dn for any n > 2.
4.2.7. Lemma. For a basis of H1(g; g), where g = o(2)(2n), we can take the following
derivations
(48)
deg = −1 : multiplication by the matrix di for i = 1, . . . , n and any n > 2.
deg = 0 : multiplication by the matrix d = diag(0n, 1n) for any n > 2.
If n is even, there is one more one more derivation: multiplication by the matrix d1,1
4.2.8. Lemma. For a basis of H2(o(2)(2n)) we can take the following cocycles:
(49)
deg = −2 : None for n 6= 4. For n = 4, we have the cocycle
c−2 = d(E7,4 + E8,3) ∧ d(E5,2 +E6,1) + d(E6,3 + E7,2) ∧ d(E5,4 +E8,1) + d(E6,4 + E8,2) ∧ d(E5,3 +E7,1)
deg = −1 : cj−1 =
∑
i6=j
d(Ei,j +Ej+n,i+n) ∧ d(Ej+n,i +Ei+n,j) for 1 ≤ j ≤ n
For n = 4, there are also the following 4 cocycles:
c1−1 = d(E
1,2 + E6,5) ∧ d(E7,4 +E8,3) + d(E1,3 + E7,5) ∧ d(E6,4 +E8,2) + d(E1,4 + E8,5) ∧ d(E6,3 +E7,2)
c2−1 = d(E
2,3 + E7,6) ∧ d(E5,4 +E8,1) + d(E2,4 + E8,6) ∧ d(E5,3 +E7,1) + d(E2,1 + E5,6) ∧ d(E7,4 +E8,3)
c3−1 = d(E
3,4 + E8,7) ∧ d(E5,2 +E6,1) + d(E3,2 + E6,7) ∧ d(E5,4 +E8,1) + d(E3,1 + E5,7) ∧ d(E6,4 +E8,2)
c4−1 = d(E
4,3 + E7,8) ∧ d(E5,2 +E6,1) + d(E4,2 + E6,8) ∧ d(E5,3 +E7,1) + d(E4,1 + E5,8) ∧ d(E6,3 +E7,2)
deg = 0 :
c0 =
∑
1≤i≤n
d(E1,i + En+i,n+1) ∧ d(Ei,1 + En+1,n+i) +
∑
2≤i<j≤n
d(Ei,n+j + Ej,n+i) ∧ d(En+j,i + En+i,j)
For n = 4, there are also the following 6 cocycles:
c10 = d(E
3,2 − E6,7) ∧ d(E4,1 −E5,8) + d(E4,2 − E6,8) ∧ d(E3,1 −E5,7) + d(E3,8 − E4,7) ∧ d(E5,2 +E6,1)
c20 = d(E
3,4 − E8,7) ∧ d(E2,1 −E5,6) + d(E2,4 − E8,6) ∧ d(E3,1 −E5,7) + d(E2,7 − E3,6) ∧ d(E5,4 +E8,1)
c30 = d(E
4,3 − E7,8) ∧ d(E2,1 −E5,6) + d(E2,3 − E7,6) ∧ d(E4,1 −E5,8) + d(E2,8 − E4,6) ∧ d(E5,3 +E7,1)
c40 = d(E
2,3 − E7,6) ∧ d(E1,4 −E8,5) + d(E2,4 − E8,6) ∧ d(E1,3 −E7,5) + d(E1,6 − E2,5) ∧ d(E7,4 +E8,3)
c50 = d(E
3,4 − E8,7) ∧ d(E1,2 −E6,5) + d(E3,2 − E6,7) ∧ d(E1,4 −E8,5) + d(E1,7 − E3,5) ∧ d(E6,4 +E8,2)
c60 = d(E
4,3 − E7,8) ∧ d(E1,2 −E6,5) + d(E4,2 − E6,8) ∧ d(E1,3 −E7,5) + d(E1,8 − E4,5) ∧ d(E6,3 +E7,2)
4.2.9. Lemma. For a basis of H2(o(2)(4n)/K14n) we can take the following cocycles:
(50)
deg = −2 : As in the case of o(2)(4n)
deg = −1 : As in the case of o(2)(4n)
deg = 0 : As in the case of o(2)(4n) and one more cocycle
c˜0 =
∑
1≤i≤n
d(E1,i +Ei+n,n+1) ∧ d(Ei,1 +En+1,n+i)
4.2.10. Lemma. For g = o(2)(4n)/K14n, for a basis of H
1(g; g) we can take the following
derivations
(51)
deg = −2 : E3,8 ⊗ d(E5,2 +E6,1)− E4,7 ⊗ d(E5,2 + E6,1) + E2,7 ⊗ d(E5,4 + E8,1)− E3,6 ⊗ d(E5,4 + E8,1)+
E2,8 ⊗ d(E5,3 +E7,1)− E4,6 ⊗ d(E5,3 + E7,1) + E1,6 ⊗ (d(E7,4 +E8,3)−E2,5 ⊗ d(E7,4 +E8,3)+
E1,7 ⊗ d(E6,4 +E8,2)− E3,5 ⊗ d(E6,4 + E8,2) + E1,8 ⊗ d(E6,3 + E7,2)− E4,5 ⊗ d(E6,3 + E7,2)
deg = −1 : multiplication by the matrix di, where i = 1, . . . , n for any n > 2
For n = 2, there are also four derivations given by
c1−1 = E
2,1 ⊗ d(E7,4 +E8,3) + E5,6 ⊗ d(E7,4 + E8,3) + E3,1 ⊗ d(E6,4 + E8,2) + E5,7 ⊗ d(E6,4 + E8,2)+
E4,1 ⊗ d(E6,3 +E7,2) + E5,8 ⊗ d(E6,3 + E7,2) + E3,8 ⊗ d(E1,2 − E6,5) + E4,7 ⊗ d(E1,2 − E6,5)+
E2,7 ⊗ d(E1,4 −E8,5) + E3,6 ⊗ d(E1,4 − E8,5) + E2,8 ⊗ d(E1,3 − E7,5) + E4,6 ⊗ d(E1,3 − E7,5)
c2−1 = E
1,4 ⊗ d(E6,3 +E7,2) + E8,5 ⊗ d(E6,3 + E7,2) + E2,4 ⊗ d(E5,3 + E7,1) + E8,6 ⊗ d(E5,3 + E7,1)+
E3,4 ⊗ d(E5,2 +E6,1) + E8,7 ⊗ d(E5,2 + E6,1) + E2,7 ⊗ d(E4,1 − E5,8) + E3,6 ⊗ d(E4,1 − E5,8)+
E1,6 ⊗ d(E4,3 −E7,8) + E2,5 ⊗ d(E4,3 − E7,8) + E1,7 ⊗ d(E4,2 − E6,8) + E3,5 ⊗ d(E4,2 − E6,8)
c3−1 = E
1,2 ⊗ d(E7,4 +E8,3) + E6,5 ⊗ d(E7,4 + E8,3) + E3,2 ⊗ d(E5,4 + E8,1) + E6,7 ⊗ d(E5,4 + E8,1)+
E4,2 ⊗ d(E5,3 +E7,1) + E6,8 ⊗ d(E5,3 + E7,1) + E3,8 ⊗ d(E2,1 − E5,6) + E4,7 ⊗ d(E2,1 − E5,6)+
E1,7 ⊗ d(E2,4 −E8,6) + E3,5 ⊗ d(E2,4 − E8,6) + E1,8 ⊗ d(E2,3 − E7,6) + E4,5 ⊗ d(E2,3 − E7,6)
c4−1 = E
1,3 ⊗ d(E6,4 +E8,2) + E7,5 ⊗ d(E6,4 + E8,2) + E2,3 ⊗ d(E5,4 + E8,1) + E7,6 ⊗ d(E5,4 + E8,1)+
E4,3 ⊗ d(E5,2 +E6,1) + E7,8 ⊗ d(E5,2 + E6,1) + E2,8 ⊗ d(E3,1 − E5,7) + E4,6 ⊗ d(E3,1 − E5,7)+
E1,6 ⊗ d(E3,4 −E8,7) + E2,5 ⊗ d(E3,4 − E8,7) + E1,8 ⊗ d(E3,2 − E6,7) + E4,5 ⊗ d(E3,2 − E6,7)
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For deg = 0, there is multiplication by the matrix d =
(
0 0
0 1n
)
for any n > 1, and the multiplication by the matrix d1,1.
Besides, if n = 2, there are six derivations given by the following cocycles:
(52)
c10 = E
3,1 ⊗ d(E2,4 − E8,6) + E5,7 ⊗ d(E2,4 − E8,6) + E4,1 ⊗ d(E2,3 − E7,6) +E5,8 ⊗ d(E2,3 −E7,6)+
E3,2 ⊗ d(E1,4 −E8,5) +E6,7 ⊗ d(E1,4 −E8,5) +E4,2 ⊗ d(E1,3 − E7,5) + E6,8 ⊗ d(E1,3 − E7,5)
+E3,8 ⊗ d(E1,6 −E2,5) +E4,7 ⊗ d(E1,6 −E2,5) + +E5,2 ⊗ d(E7,4 +E8,3) +E6,1 ⊗ d(E7,4 + E8,3)
c20 = (E
2,4 ⊗ d(E1,3 − E7,5) + E8,6 ⊗ d(E1,3 − E7,5) + E3,4 ⊗ d(E1,2 − E6,5) + E8,7 ⊗ d(E1,2 − E6,5)+
E2,1 ⊗ d(E4,3 − E7,8) + E5,6 ⊗ d(E4,3 − E7,8) + E3,1 ⊗ d(E4,2 − E6,8) +E5,7 ⊗ d(E4,2 −E6,8)+
E2,7 ⊗ d(E1,8 −E4,5) +E3,6 ⊗ d(E1,8 −E4,5) +E5,4 ⊗ d(E6,3 + E7,2) + E8,1 ⊗ d(E6,3 + E7,2)
c30 = E
2,3 ⊗ d(E1,4 − E8,5) + E7,6 ⊗ d(E1,4 − E8,5) + E2,1 ⊗ d(E3,4 − E8,7) +E5,6 ⊗ d(E3,4 −E8,7)+
E4,1 ⊗ d(E3,2 − E6,7) + E5,8 ⊗ d(E3,2 − E6,7) + E4,3 ⊗ d(E1,2 − E6,5) +E7,8 ⊗ d(E1,2 −E6,5)+
E2,8 ⊗ d(E1,7 − E3,5) +E4,6 ⊗ d(E1,7 −E3,5) +E5,3 ⊗ d(E6,4 +E8,2 + E7,1 ⊗ d(E6,4 + E8,2)
c40 = (E
1,3 ⊗ d(E4,2 − E6,8) + E7,5 ⊗ d(E4,2 − E6,8) + E1,4 ⊗ d(E3,2 − E6,7) + E8,5 ⊗ d(E3,2 − E6,7)+
E2,3 ⊗ d(E4,1 − E5,8) + E7,6 ⊗ d(E4,1 − E5,8) + E2,4 ⊗ d(E3,1 − E5,7) +E8,6 ⊗ d(E3,1 −E5,7)+
E1,6 ⊗ d(E3,8 −E4,7) +E2,5 ⊗ d(E3,8 −E4,7) +E7,4 ⊗ d(E5,2 + E6,1) + E8,3 ⊗ d(E5,2 + E6,1)
c50 = E
1,2 ⊗ d(E4,3 − E7,8) + E6,5 ⊗ d(E4,3 − E7,8) + E1,4 ⊗ d(E2,3 − E7,6) +E8,5 ⊗ d(E2,3 −E7,6)+
E3,4 ⊗ d(E2,1 − E5,6) + E8,7 ⊗ d(E2,1 − E5,6) + E3,2 ⊗ d(E4,1 − E5,8) +E6,7 ⊗ d(E4,1 −E5,8)+
E1,7 ⊗ d(E2,8 −E4,6) +E3,5 ⊗ d(E2,8 −E4,6) +E6,4 ⊗ d(E5,3 + E7,1) + E8,2 ⊗ d(E5,3 + E7,1)
c60 = E
1,2 ⊗ d(E3,4 − E8,7) + E6,5 ⊗ d(E3,4 − E8,7) + E1,3 ⊗ d(E2,4 − E8,6) +E7,5 ⊗ d(E2,4 −E8,6)+
E4,2 ⊗ d(E3,1 − E5,7) + E6,8 ⊗ d(E3,1 − E5,7) + E4,3 ⊗ d(E2,1 − E5,6) +E7,8 ⊗ d(E2,1 −E5,6)+
E1,8 ⊗ d(E2,7 −E3,6) +E4,5 ⊗ d(E2,7 −E3,6) +E6,3 ⊗ d(E5,4 + E8,1) + E7,2 ⊗ d(E5,4 + E8,1)
4.2.11. Lemma. For a basis of H2(op(2n)) we can take the cocycles
(53)
deg = −2, 0 : None
deg = 1 : cj−1 =
∑
i6=j
d(Ei,j + Ej+n,i+n) ∧ d(Ej+n,i + Ei+n,j) for 1 ≤ j ≤ n
c
j
1 =
∑
1≤i≤n
d(Ei,i + Ei+n,i+n) ∧ d(Ej,n+j) for 1 ≤ j ≤ n
c˜
j
1 =
∑
i6=j
d(Ej,i + Ei+n,j+n) ∧ d(Ei,n+j +Ej,n+i) + d(Ej,j + En+j,n+j) ∧ d(Ej,n+j) for 1 ≤ j ≤ n
deg = 2 : Cocycles as in (43)
4.2.12. Lemma. For a basis of H2(pe(2n)) we can take the cocycles
(54)
deg = −2 : c˜i,j−2 = (d(E
n+i,j +En+j,i))∧
2
for 1 ≤ i < j ≤ n
deg = −1, 0 : None
deg = 1 : cj1 =
∑
1≤i≤n
d(Ei,i +Ei+n,i+n) ∧ d(Ej,n+j) for 1 ≤ j ≤ n
c˜
j
1 =
n∑
i6=j
d(Ej,i +Ei+n,j+n) ∧ d(Ei,n+j + Ej,n+i) + d(Ej,j + En+j,n+j) ∧ d(Ej,n+j) for 1 ≤ j ≤ n
deg = 2 : c2 = Cocycles as in (43) and (44)
4.2.13. Lemma. For a basis of H1(op(2n); op(2n)) we can take the following derivations
(55)
deg = −1 : None
deg = 0 : multiplication by the matrix Dn for any n > 2 and also the cocycle
c20 =
∑
1≤i≤2n
Ei,i ⊗
(
d(E1,1 + En+1,n+1) + · · ·+ d(En,n +E2n,2n)
)
deg = 1 : cj1 =
∑
1≤i≤2n
Ei,id(Ej,j+n), for 1 ≤ j ≤ n and derivations
c˜
j
1 : multiplication by the matrix d
t
j
for any j = 1, . . . , n and n > 2.
4.2.14. Lemma. For a basis of H1(pe(2n); pe(2n)) we can take the following derivations
(56)
deg = −1 : None
deg = 0 : multiplication by the matrix Dn for any n > 2 and also the cocycle
c20 =
∑
1≤i≤2n
Ei,i ⊗
(
d(E1,1 + En+1,n+1) + · · ·+ d(En,n +E2n,2n)
)
deg = 1 : c˜j1 : multiplication by the matrix d
t
j for any j = 1, . . . , n and n > 2.
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4.2.15. Lemma. For a basis of H2(p(op)(2n)) we can take the following cocycles
(57)
deg = −2,−1 : None
deg = 0 : None for n 6= 4. For n = 4, the cocycle is:
c0 = d(E1,2 + E6,5) ∧ d(E2,1 −E5,6) + d(E2,3 + E7,6) ∧ d(E3,2 −E6,7)
+d(E2,4 + E8,6) ∧ d(E4,2 −E6,8) + d(E2,7 + E3,6) ∧ d(E7,2 −E6,3)
+d(E2,8 + E4,6) ∧ d(E6,4 −E8,2) + d(E1,6 + E2,5) ∧ d(E5,2 −E6,1)
c
j
1 =
∑
2≤i≤n
d(Ei,i + Ei+n,i+n) ∧ d(Ej,j+n), where 1 ≤ j ≤ n.
deg = 2 : Cocycles as in (43)
4.2.16. Lemma. For a basis of H1(g; g), where g := p(op)(2n), we can take the following
derivations
(58)
deg = −1 : None
deg = 0 : multiplication by the matrix Dn for any n > 2
deg = 1 : c˜j1 : multiplication by the matrix d
t
j for any j = 1, . . . , n and n > 2
4.2.17. Lemma. For a basis of H2(p(pe)(2n)) we can take the following cocycles:
(59)
deg = −2 : ci,j−2 = (d(E
n+i,j +En+j,i))∧
2
, where 1 ≤ i < j ≤ n
deg = −1 : None
deg = 0 : None for n 6= 4. For n = 4, the cocycle is
c0 = d(E1,2 +E6,5) ∧ d(E2,1 + E5,6) + d(E2,3 +E7,6) ∧ d(E3,2 + E6,7) + d(E2,4 +E8,6) ∧ d(E4,2 + E6,8)+
d(E2,7 +E3,6) ∧ d(E7,2 + E6,3) + d(E2,8 +E4,6) ∧ d(E6,4 + E8,2) + d(E1,6 +E2,5) ∧ d(E5,2 + E6,1)
deg = 1 :
∑
2≤i≤n
d(Ei,i +Ei+n,i+n) ∧ d(Ej,j+n), where 1 ≤ j ≤ n.
deg = 2 : Cocycles as in (43) and (44)
4.2.18. Lemma. For g = p(op)(2n) or p(pe)(2n), for a basis of H1(g; g) we can take the
following derivations
(60)
deg = −1 : None
deg = 0 : multiplication by the matrix Dn for any n > 2
deg = 1 :
c˜
j
1 : multiplication by the matrix d
t
j
for any j = 1, . . . , n and n > 2
4.2.19. Lemma. For a basis of H2(o(1)(2n)) we can take the following cocycles:
(61)
deg = −2 : None
c
j
−1 =
∑
i6=j
d(Ei,j +Ej+n,i+n) ∧ d(Ej+n,i + Ei+n,j) for 1 ≤ j ≤ n
c0 =
∑
2≤i≤n
d(E1,i +Ei+n,n+1) ∧ d(Ei,1 +En+1,i+n) +
∑
2≤i<j≤n
d(Ei,n+j + Ej,n+i) ∧ d(En+j,i +En+i,j)
4.2.20. Lemma. For a basis of H1(o(1)(2n); o(1)(2n)) we can take the following derivations
(62)
deg = −1 : c˜j−1 : multiplication by the matrix dj for any j = 1, . . . , n and n > 2
deg = 0 : multiplication by the matrix Dn for any n > 2 and also the derivation
c20 =
∑
1≤i≤2n
Ei,i ⊗
(
d(E1,1 + En+1,n+1) + · · ·+ d(En,n +E2n,2n)
)
4.2.21. Lemma. For a basis of H2(p(o(1)(2n))) we can take the following cocycles:
(63)
deg = −2 : None
c
j
−1 =
∑
i6=j
d(Ei,j + Ej+n,i+n) ∧ d(Ej+n,i +Ei+n,j) for 1 ≤ j ≤ n
c0 =
∑
2≤i≤n
d(E1,i + Ei+n,n+1) ∧ d(Ei,1 + En+1,i+n) +
∑
2≤i<j≤n
d(Ei,n+j +Ej,n+i) ∧ d(En+j,i + En+i,j)
For n = 4, we have one more cocycle
c˜0 = d(E1,3 +E7,5) ∧ d(E3,1 + E5,7) + d(E1,4 +E8,5) ∧ d(E4,1 + E5,8) + d(E2,3 +E7,6) ∧ d(E3,2 + E6,7)+
d(E2,4 +E8,6) ∧ d(E4,2 + E6,8) + d(E3,8 +E4,7) ∧ d(E7,4 + E8,3) + d(E1,6 +E2,5) ∧ d(E5,2 + E6,1)
Derivations and central extensions of symmetric Lie algebras 33
4.2.22. Lemma. For a basis of H1(g; g), where g = p(o(1)(2n)), we can take the following
derivations
(64)
deg = −1 : c˜j−1 : multiplication by the matrix dj for any j = 1, . . . , n and n > 2
deg = 0 : multiplication by the matrix Dn for any n > 2
4.2.23. Lemma. For a basis of H2(sop(2n)) we can take the following cocycles:
(65)
deg = −2 : None for n 6= 4. For n = 4, we have the cocycle
c−2 = d(E7,4 + E8,3) ∧ d(E5,2 +E6,1) + d(E6,3 + E7,2) ∧ d(E5,4 +E8,1) + d(E6,4 + E8,2) ∧ d(E5,3 +E7,1)
c
j
−1 =
∑
i6=j
d(Ei,j +Ej+n,i+n) ∧ d(Ej+n,i + Ei+n,j) for 1 ≤ j ≤ n
deg = 0 : None
c
j
1 =
∑
i6=j
d(Ej,i + Ei+n,j+n) ∧ d(Ei,n+j + Ej,n+i)+


d(E1,1 +E2,2 + E1+n,1+n +E2+n,2+n) ∧ d(E1,n) for i = 1
d(En−1,n−1 + En,n +E2n−1,2n−1 +E2n,2n) ∧ d(En,2n) for i = n
d(Ej−1,j−1 + Ej+1,j+1 + Ej−1+n,j−1+n + Ej+1+n,j+1+n) ∧ d(Ej,j+n) for j 6= 1, n
deg = 2 : cocycles as in (43)
4.2.24. Lemma. For a basis of H1(sop(2n); sop(2n)) we can take the following derivations
(66)
deg = −1 : None
deg = 0 : multiplication by the matrix Dn for any n > 2
If n is even, we have the additional derivation: multiplication by d1,1
deg = 1 : cj1 : multiplication by the matrix d
t
j for any j = 1, . . . , n and n > 2
4.2.25. Lemma. For a basis of H2(sop(4n)/K14n) we can take the following cocycles:
(67)
deg = −2 : None for n 6= 2. For n = 2, we have the cocycle
c−2 = d(E7,4 +E8,3) ∧ d(E5,2 + E6,1) + d(E6,3 +E7,2) ∧ d(E5,4 +E8,1)
+d(E6,4 +E8,2) ∧ d(E5,3 + E7,1)
c
j
−1 =
∑
i6=j
d(Ei,j + Ej+2n,i+2n) ∧ d(Ej+2n,i +Ei+2n,j) for 1 ≤ j ≤ 2n
c0 =
∑
1≤i≤2n
d(E1,i +E2n+i,2n+1) ∧ d(Ei,1 +E2n+1,2n+i)
deg = 1 : None
deg = 2 : cocycles as in (43)
4.2.26. Lemma. For g = sop(4n)/K14n, for a basis of H
1(g; g) we can take the following
derivations
(68)
deg = −2 : None for n 6= 2. For n = 2, we have the cocycle
c−2 = (E3,8 + E4,7)⊗ d(E5,2 + E6,1) + (E2,7 +E3,6)⊗ d(E5,4 + E8,1) + (E2,8 + E4,6)⊗ d(E5,3 +E7,1)+
(E1,6 + E2,5)⊗ d(E7,4 + E8,3) + (E1,7 +E3,5)⊗ d(E6,4 + E8,2) + (E1,8 + E4,5)⊗ d(E6,3 +E7,2)
deg = ±1 : None
deg = 0 : multiplication by the matrix d = diag(02n, 12n) for any n > 1
and another derivation: multiplication by the matrix d1,1
4.2.27. Lemma. For a basis of H2(spe(2n)) we can take the following cocycles:
(69)
deg = −2 : c˜i,j−2 = (d(E
n+i,j + En+j,i))∧
2
for 1 ≤ i < j ≤ n
For n = 4, we have one more cocycle
c−2 = d(E7,4 + E8,3) ∧ d(E5,2 + E6,1) + d(E6,3 + E7,2) ∧ d(E5,4 + E8,1)+
d(E6,4 + E8,2) ∧ d(E5,3 +E7,1)
deg = −1, 0 : None
deg = 1 : cj1 =
∑
i6=j
d(Ej,i +Ei+n,j+n) ∧ d(Ei,n+j + Ej,n+i)+


d(E1,1 +E2,2 +E1+n,1+n + E2+n,2+n) ∧ d(E1,n) for i = 1,
d(En−1,n−1 +En,n + E2n−1,2n−1 + E2n,2n) ∧ d(En,2n) for i = n,
d(Ej−1,j−1 +Ej+1,j+1 + Ej−1+n,j−1+n + Ej+1+n,j+1+n) ∧ d(Ej,j+n) for j 6= 1, n;
deg = 2 : cocycles as in (43) and (44)
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4.2.28. Lemma. For g = spe(2n), for a basis of H1(g; g) we can take the following deriva-
tions
(70)
deg = −1 : None
deg = 0 : multiplication by the matrix Dn for any n > 2
If n is even, we have one more derivation: multiplication by the matrix d1,1
deg = 1 : cj1 : multiplication by the matrix d
t
j
for any j = 1, . . . , n and n > 2
4.2.29. Lemma. For a basis of H2(spe(4n)/K14n) we can take the following cocycles:
(71)
deg = −2 : c˜i,j−2 = (d(E
2n+i,j +E2n+j,i))∧
2
for 1 ≤ i < j ≤ 2n
For n = 2, we have one more cocycle
c−2 = d(E7,4 + E8,3) ∧ d(E5,2 +E6,1) + d(E6,3 + E7,2) ∧ d(E5,4 +E8,1) + d(E6,4 + E8,2) ∧ d(E5,3 +E7,1)
deg = ±1 : None
c0 =
∑
1≤i≤2n
d(E1,i +E2n+i,2n+1) ∧ d(Ei,1 +E2n+1,2n+i)
deg = 2 : cocycles as in (43) and (44)
4.2.30. Lemma. For g = spe(4n)/K14n, for a basis of H
1(g; g) we can take the following
derivations
(72)
deg = −2 : None for n 6= 2. For n = 2, we have the cocycle
c−2 = (E3,8 + E4,7)⊗ d(E5,2 + E6,1) + (E2,7 +E3,6)⊗ d(E5,4 + E8,1) + (E2,8 + E4,6)⊗ d(E5,3 +E7,1)+
(E1,6 + E2,5)⊗ d(E7,4 + E8,3) + (E1,7 +E3,5)⊗ d(E6,4 + E8,2) + (E1,8 + E4,5)⊗ d(E6,3 +E7,2)
deg = ±1 : None
deg = 0 : multiplication by the matrix d = diag(02n, 12n) for any n > 1
and one more derivation: multiplication by the matrix d1,1
References
[BGP] Benkart G., Gregory Th., Premet A., The recognition theorem for graded Lie algebras in prime
characteristic. American Mathematical Society, 2009, 145 pp.
[BGLL] Bouarroudj S., Grozman P., Lebedev A., Leites D., Divided power (co)homology. Presentations of
simple finite dimensional modular Lie superalgebras with Cartan matrix. Homology, Homotopy and
Applications, Vol. 12 (2010), no. 1, 237–278; arXiv:0911.0243
[BGLLS] Bouarroudj S., Grozman P., Lebedev A., Leites D., Shchepochkina I., Simple vectorial Lie algebras
in characteristic 2 and their superizations; arXiv:1510.07255
[BGLLS1] Bouarroudj S., Grozman P., Lebedev A., Leites D., Shchepochkina I., New simple Lie algebras in
characteristic 2. IMRN (2016) accepted; arXiv:1307.1551
[BGL1] Bouarroudj S., Grozman P., Leites D., Classification of simple finite dimensional modular Lie su-
peralgebras with Cartan matrix. Symmetry, Integrability and Geometry: Methods and Applications
(SIGMA), 5 (2009), 060, 63 pages; arXiv:math.RT/0710.5149
[BGL2] Bouarroudj S., Grozman P., Leites D., Deforms of symmetric simple modular Lie algebras and Lie
superalgebras; arXiv:0807.3054
[BGL3] Bouarroudj S., Grozman P., Leites D., New simple modular Lie superalgebras as generalized pro-
longs. Func. Anal. Appl., V. 42, no. 3, 2008, 161–168; arXiv:math.RT/0704.0130
[BLLS] Bouarroudj S., Lebedev A., Leites D., Shchepochkina I., Lie algebra deformations in characteristic
2, Math. Research Letters, v. 22 (2015) no. 2, 353–402; arXiv:1301.2781
[BLLSq] Bouarroudj S., Lebedev A., Leites D., Shchepochkina I., Classifications of simple Lie superalgebras
in characteristic 2; arXiv:1407.1695
[BL] Bouarroudj S., Leites D., Simple Lie superalgebras and nonintegrable distributions in characteristic
p. Zapiski nauchnyh seminarov POMI, t. 331 (2006), 15–29; Reprinted in J. Math. Sci. (NY) 2007;
arXiv:math.RT/0606682
[Bro] Brown, G., Families of simple Lie algebras of characteristic two. Comm. Algebra, 23 (3), (1995)
941–954
[Ch] Chiu Sen, Central extensions and H1(L,L∗) of the graded lie algebras of Cartan type. J. Algebra,
v. 149, (1992), no. 1, 46–67
[ChSh] Chiu S., Shen G.Yu., Cohomology of graded Lie algebras of Cartan type of characteristic p. Abh.
Math. Sem. Univ. Hamburg (2nd ed.), 57 (1987), 139–156
Derivations and central extensions of symmetric Lie algebras 35
[Dz4] Dzhumadil’daev, A.S. Central extensions and invariant forms of Cartan type Lie algebras of positive
characteristic, Funct. Anal. Appl. 18 (1984), no.4, 331–332.
[Dz5] Dzhumadil’daev, A.S. Central extensions of Zassenhaus algebra and their irreducible representations,
Math. USSR Sb., 54 (1986), 457–474.
[Dz6] Dzhumadil’daev, A.S., Cohomology and nonsplit extensions of modular Lie algebras, Contemp. Math.
131 (1992), part 2, 31–43.
[Dz7] Dzhumadil’daev, A.S., Central extensions of infinite-dimensional Lie algebras, Funct. Anal. Appl., 26
(1992), no.4, 246–253.
[Dz8] Dzhumadil’daev, A.S., Odd central extensions of Lie superalgebras, Funct. Anal. Appl.29 (1995),
no.3, 69–72
[DzU] Dzhumadil’daev, A.S., Umirbaev U., Nonsplit extensions of Cartan type Lie algebra W2(m) , Math.
Sbornik. 186 (1995), no. 4, 527–554.
[DzZ] Dzhumadil’daev, A.S., Zusmanovich P., Commutative 2-cocycles on Lie algebras. J. Algebra 324
(2010), 732–748; arXiv:0907.4780v4
[Ei] Eick, B., Some new simple Lie algebras in characteristic 2. J. Symb. Comput. 45 (2010), no.9, 943–951
[FG] Frohardt D., Griess R.L. Jr., Automorphisms of modular Lie algebras, Nova J. Algebra and Geometry,
v.1 (1992) no. 4, 339–345
[GZ] Grishkov A., Zusmanovich P., Deformations of current Lie algebras. I. Small algebras in characteristic
2. J. Algebra (2017); arXiv:1410.3645
[Gr] Grozman P., SuperLie, http://www.equaonline.com/math/SuperLie
[GL4] Grozman P., Leites D., Structures of G(2) type and nonintegrable distributions in characteristic p.
Lett. Math. Phys. 74 (2005), no. 3, 229–262; arXiv:math.RT/0509400
[Ib] Ibraev Sh. Sh., On the central extensions of classical Lie algebras, Sib. Elektron. Mat. Izv., 10 (2013),
450–453
[Ib2] Ibraev Sh. Sh., On the first cohomology of the algebraic groups and its Lie algebra in positive char-
acteristic. Mathem. Notes, 96:4 (2014) 491–498
[ILL] Iyer U., Lebedev A., Leites D., Prolongs of orthogonal Lie (super)algebras in characteristic 2. J.
Nonlinear Math. Phys., v.17 (2010), Special issue in memory of F. Berezin, 253–309
[K] Kac V., Infinite-dimensional Lie algebras. Third edition. Cambridge University Press, Cambridge,
1990. xxii+400 pp.
[Kapp] Kaplansky I., Graded Lie algebras I, II, preprints, Univ. Chicago, Chicago, Ill., 1975, see http:
//zakuski.math.utsa.edu/~kap/superalgebra.html
[Kos] Kostrikin, A. I., The beginnings of modular Lie algebra theory. In: Group Theory, Algebra, and
Number Theory (Saarbru¨cken, 1993), de Gruyter, Berlin, 1996, 13–52
[KD] Kostrikin, A. I., Dzhumadildaev A. S., Modular Lie algebras: new trends. In: Yu. Bahturin (ed.),
Algebra. Proc. of the International Algebraic Conference on the Occasion of the 90th Birthday of A.G.
Kurosh (May, 1998. Moscow), de Gruyter, Berlin (2000) 181–203
[LeD] Lebedev A., Simple modular Lie superalgebras. Ph.D. thesis. Leipzig University, July, 2008.
[LeP] Lebedev A., Analogs of the orthogonal, Hamiltonian, Poisson, and contact Lie superalgebras in char-
acteristic 2. J. Nonlinear Math. Phys., vol. 17, Special issue in memory of F. Berezin, 2010, 217–251
[LL] Lebedev A., Leites D., (with an appendix by Deligne P.) On realizations of the Steenrod algebras,
J. of Prime Research in Mathematics, v. 2, no. 1 (2006), 1–13; MPIMiS preprint 131/2006, see
http://www.mis.mpg.de
[Ltow] Leites D., Towards classification of simple finite dimensional modular Lie superalgebras. J. Prime
Res. Math., v. 3, 2007, 101–110; arXiv:0710.5638
[Lsos] Leites D. (ed.) Seminar on supersymmetry (v. 1. Algebra and Calculus: Main chapters) by J. Bern-
stein, D. Leites, V. Molotkov, V. Shander, MCCME, Moscow (2011) 410 pp (in Russian; a version in
English is in preparation but available for perusal)
[LSh] Leites D., Shchepochkina I., Classification of the simple Lie superalgebras of vector fields, preprint
MPIM-2003-28 http://www.mpim-bonn.mpg.de/preblob/2178
[LiZh] Liu W.-D., Zhang W.-Z., Wang X.-L., The outer derivations algebras of finite dimensional Cartan-
type modular Lie superalgebras. Commun. Algebra, 33 (2005), 2131–2146
[LiZhWa] LiuW.-D., ZhangW.-Z., Wang X.-L., The derivations algebra of the Cartan-type Lie superalgebras
HO. J. Algebra, 273 (2004), 176–205
[MaZh] Ma F.M., Zhang Q.C., The derivation superalgebra of K type Lie superalgebra, J. Math. (China),
20(4) (2000), 431–435
36 Sofiane Bouarroudj, Pavel Grozman, Alexei Lebedev, Dimitry Leites
[MeZu] Melikyan H., Zusmanovich P., Melikyan algebra is a deformation of a Poisson algebra. 3Quantum:
Algebra Geometry Information (ed. E. Paal et al.), Journal of Physics: Conference Series 532 (2014),
012019; arXiv:1401.2566.
[Mu] Mulyar O. Automorphisms and derivations of exceptional simple Lie algebra of family R. J. Math.
Sci. (NY), 130:3 (2005), 4735–4746
[NW] Neeb K.-H., Wagemann F., The second cohomology of current algebras of general Lie algebras, Canad.
J. Math. 60 (2008), 892–922; arXiv:math/0511260
[Per] Permiakov D.S., Derivations of classical Lie algebras over the field of characteristic 2, Vestnik of
Lobachevsky State University of Nizhni Novgorod, ser. Mathem. 1(3), (2005), 123–134 (in Russian)
[Shch] Shchepochkina I., How to realize Lie algebras by vector fields. Theoret. and Math. Phys. 147 (2006)
no. 3, 821–838; arXiv:math.RT/0509472
[Shen1] Shen, Guang Yu, Variations of the classical Lie algebra G2 in low characteristics. Nova J. Algebra
Geom. 2 (1993), no. 3, 217–243.
[Sk] Skryabin S. M., Isomorphisms and derivations of modular Lie algebras of Cartan type, Russian Math.
Surveys, 42:6 (1987), 245–246
[SkT1] Skryabin S., Toral rank one simple Lie algebras of low characteristics. J. of Algebra, 200:2 (1998),
650–700
[S] Strade, H., Simple Lie algebras over fields of positive characteristic. I–III. Structure theory. de
Gruyter Expositions in Mathematics, 38. Walter de Gruyter & Co., Berlin, (2004) viii+540 pp;
(2009) vi+385pp; (2012) x+239pp
[Tse] Tselousov, M.Yu.6, Derivations of Lie algebras of Cartan type. Izv. Vyssh. Uchebn. Zaved., Mat. 1970,
no. 7(98), 126–134 (Russian)
[WaZh] Wang Ying, Zhang Yongzheng, Derivation algebras Der(H) and central extensions of Lie superal-
gebras, Commun. in Alg., 32 (2004), no.10, 4117–4131
[WK] Weisfeiler B., Kac V., Exponentials in Lie algebras of characteristic p. Mathematics of the USSR-
Izvestiya, 35:4 (1971) 777–803
Kac, V. G., Corrections to: “Exponentials in Lie algebras of characteristic p” [Izv. Akad. Nauk SSSR
35 (1971), no. 4, 762–788; MR0306282 (46 #5408)] by B. Yu. Veisfeiler and Kac. (Russian) Izv. Ross.
Akad. Nauk Ser. Mat. 58 (1994), no. 4, 224; translation in Russian Acad. Sci. Izv. Math. 45 (1995),
no. 1, 229
[ZhZh] Zhang Q.-C., Zhang Y.-Z., Derivation algebras of the modular Lie superalgebras W and S of Cartan
type, Acta.Math. Sci., 20(1) (2000), 137–144
aNew York University Abu Dhabi, Division of Science and Mathematics, P.O. Box 129188,
United Arab Emirates; sofiane.bouarroudj@nyu.edu, bEqua Simulation AB, Stockholm, Swe-
den; pavel.grozman@bredband.net; alexeylalexeyl@mail.ru, cDepartment of Mathematics,
Stockholm University, SE-106 91 Stockholm, Sweden; mleites@math.su.se
6Sometimes spelled Celousov, M.Ju.
